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Operational manual for strengthening virology labs is need of the hour 
for public health system of Chhattisgarh. COVID-19 pandemic has 
highlighted the systemic challenges of public health management. This 
has brought into focus the need to strengthen diagnostic services and 
management of pandemics like COVID-19. New diagnostic facilities 
are being established in public health system, and virology labs are one 
among the many which play a key role in early detection of future public 
health threats. The operational guidelines details not only the processes 
of establishing a virology lab but also highlights capacity building of the 
staff which is a key component in ensuring the effective management 
and operationalisation of virology laboratories. This user-friendly 
guideline has been developed with support from our technical partner 
USAID-NISHTHA/Jhpiego and I am certain that it will go a long way in 
strengthening virology labs in the state of Chhattisgarh. I convey my 
gratitude to all experts who prepared this user-friendly guideline. My best 
wishes to staff of virology lab/ diagnostic lab for using this guidelines and 
ensuring  for  delivery of quality services  

Niraj Bansod (IAS) 
Director of Health Services  

Government of Chhattisgarh, India

MESSAGE
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MESSAGE

Directorate Health services, Chhattisgarh is committed for ensuring the 
establishment of quality virology laboratories which will go a long way in 
strengthening public health surveillance of future public health threats. A 
key component of these laboratories are the human resources managing 
these laboratories. In view of this, the Government of Chhattisgarh has 
approved the positions of microbiologist, scientist and Lab technologist 
for functioning of these Virology Laboratories. The guidelines will help 
these staff to better understand the establishment and functionality 
processes of virology laboratories. I am thankful to all the experts and 
our partner USAID-NISHTHA/Jhpiego for developing this need of the 
hour guidelines and my best wishes to the state for the successful 
establishment of these laboratories. 

Ms. Bharti Chandrakar 
Joint Director (Establishment)

Director Health Services 
Chhattisgarh, India
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The Directorate of Medical Education, Chhattisgarh works towards 
workforce development and capability enhancement. Recently the state 
government of Chhattisgarh has approved new personnel positions 
for the chain of Virology Laboratories in medical colleges and district 
hospitals. The Directorate of Medical Education will aim to put in place a 
system to train and capacitate the personnel so that they can carry out 
their duties and responsibilities effectively. 

It is also expected that the Microbiologist, Scientists and other key 
Laboratory functionaries working in these setups will perform and assist 
in various other research areas to improve the academic acumen of 
upcoming medical students/ researchers, thereby reaching new heights 
of development in the medical field. 

In this context, the comprehensive operational guideline for Virology Labs 
was developed and reviewed by a team of experts from the Department 
of Microbiology/Virology with technical support from USAID-NISHTHA/
Jhpiego.  My special gratitude and special wishes to Dr. Nikita Sherwani 
Professor and HOD, and Dr. Neha Singh (PHD), Senior Scientist, Virology 
lab PTJNM Medical College in Raipur for their valuable inputs. This 
document will go a long way toward standardizing virology units in the 
state, as well as capacitating staff. I would also like to thank USAID 
-NISHTHA/Jhpiego for their support on this initiative and look forward 
to further collaborations for strengthening virology labs in the state of 
Chhattisgarh. 

Dr Vishnu Dutt (MD Radiology) 
Director Medical Education  

Chhattisgarh, India

MESSAGE
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Outbreaks and public health emergencies caused by emerging/re-
emerging infectious diseases continue to pose health security risks in 
India. In the last few years, there have been outbreaks of Nipah, Zika, 
CCHF, dengue in several Indian states. One of the important lessons 
from the COVID-19 pandemic as well as other outbreaks was the need to 
strengthen the laboratory capacity for early diagnosis of outbreaks in every 
district in the country. Laboratories are also vital for disease surveillance, 
management of patients, as well as in research and development.

During the initial months of the COVID-19 pandemic, there has been a 
systematic effort from the Central and State governments to establish/
strengthen laboratory testing capacity for molecular diagnosis of 
SARS-COV-2. In Chhattisgarh, the state government has established 
11 virology laboratories following COVID. There are yet huge numbers 
of other microbes to be discovered, and it is critical to understand such 
microbes and its mutation that may transmit from one host to another, 
endangering human life. The virology labs/ diagnostic lab/public health 
lab will serve as an ecosystem for testing more people to determine who 
is affected and tracking them to ensure they do not spread the disease 
further, resulting in rapid infection control.

I am happy to note that the team of experts Dr Neha Singh, Senior 
Scientist, Virology Lab, Department of Microbiology as principal 
contributor and Dr. Nikita, Professor & HOD, Department of Microbiology, 
PTJNM Medical College, Raipur, Dr. Gajanan N sapkal, Scientist E & Group 
Leader, Diagnostic Virology Group ICMR-NIV Pune as principal reviewer, 
with many more national /state experts as reviewer have prepared the 
Comprehensive Operational manual for BSL-2 virology laboratory of 
Chhattisgarh for BSL-2 laboratories in the State. I look forward to this 
document being widely used by the laboratory staff in the State for 
improving the quality of laboratory procedures. 

Dr. Manoj Murhekar 
Director and Scientist G, 

National Institute of Epidemiology, 
ICMR, Chennai, Tamilnadu, India”

MESSAGE
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With the increase in the number of BSL 2 laboratories established or 
in the process of being developed at the district level, it has long been 
recognised that safety, particularly biological safety, is extremely 
important. The comprehensive standard operational guideline for BSL-
2 laboratories developed by the Chhattisgarh team with support from 
USAID-NISHTHA/Jhpiego should be used to train laboratory personnel in 
accepting and implementing basic biological safety concepts, as well as 
developing procedure for the safe handling of pathogenic microorganisms 
in laboratories. In response to emerging and re-emerging viral infections, 
the state government took an excellent initiative to prepare these 
state-specific standard operating procedures which will strengthen the 
diagnostic capacity of the state.

Dr.Gajanan N Sapkal 
Scientist E & Group leader Diagnostic Virology Group 

ICMR-NIV, Pune

MESSAGE
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The emergence of viral infectious diseases has garnered great public 
health importance in recent years. The most notorious of these are 
human immunodeficiency virus (HIV), Hepatitis virus, dengue virus, 
H1N1 influenza virus and more recently the Coronavirus, including all 
variants, have reached pandemic proportions causing immense havoc 
and catastrophe leading to increased mortality across the world.

Fortunately, the diagnostic modalities available for better management 
practices, Tracking, Tracking and Testing have vastly improved and 
expanded. A plethora of molecular testing procedures are now available 
in diagnostic microbiology laboratories of all dimensions. 

Laboratories play a critical role in surveillance, diagnostic and monitoring 
of viral disease, as well as understanding of genetic changes in the viral 
genome.

Establishment of a reliable viral Laboratory is a prerequisite for a strong 
public health response in the emergence of viral disease. There is a 
need for appropriate guidelines to provide the minimum requirement for 
establishing the functional virology keeping in view the emergence of 
new viral pathogens.

These guidelines cover key aspects of establishing a viral research and 
diagnostic laboratory (VRDL) in developing countries and cater to policy 
and program enforcement through well harnessed infrastructure, human 
resources, and availability of technology.

I am sure that this guideline will provide fundamental information to the 
key policymakers and laboratory administrators in establishing biological 
laboratories in the region and will give impetus to institution of diagnostic 
and management protocol.

Dr. Ramanesh Murthy 
Dean, Director-Professor 

R.S.D.K.S. Government Medical College,  
Ambikapur, Surguja, Chattisgarh

 

MESSAGE
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COVID-19 pandemic is one such disaster which has impacted the lives 
of millions across the country and globally. Due to COVID-19 pandemic 
health-care infrastructure has improved dramatically. The pandemic has 
drawn attention of the policy makers and administrators to the fact that 
to combat any such future pandemic an optimum diagnostic facility is 
of prime importance to ensure early detection for a strong public health 
response

Development of various Biosafety-level-2 RT-PCR (Molecular diagnostic) 
Virology laboratories across the state of Chhattisgarh and the entire 
nation is the silver lining under the dark cloud of the pandemic. 

A large human resources pool has been developed for the successful 
functioning of these laboratories. However, there is a need of a ready-
reference manual for standardizing these processes. This ‘Operational 
Guidelines for Virology Laboratories’ is a comprehensive document which 
captures and details of every aspect of establishing these laboratories 
and will go a long way in strengthening the diagnostic capacities of the 
state. 

Anudita Bhargava

MBBS, MD (Microbiology),  
PDCC (Infectious Diseases), PhD 

Professor and Head, Department of Microbiology, AIIMS- Raipur 
Principal Investigator-State-level VRDL, AIIMS- Raipur 

Nodal officer- Expansion of laboratory facilities for  
COVID-19 for the states of Chhattisgarh and Jharkhand

MESSAGE
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The operational manual for strengthening the Virology Laboratory 
in Chhattisgarh was meant to serve as the cornerstone of biosafety 
practice in the Chhattisgarh BSL-2 Laboratory. It is a compilation of 
advisory documents capturing recommendations from WHO, ICMR, 
and some of the best practices for safe work in biomedical and clinical 
laboratories. Despite laboratory employees’ awareness of biosafety and 
biocontainment protocols, handling pathogenic microbes remains a 
cause of infection. The document is a protocol-driven risk assessment 
that proposes all possible mitigation strategies for biomedical and clinical 
laboratories.

I want to extend my deep gratitude to the State Government, Chhattisgarh 
and Dr. Vishnu Dutt sir, Director Medical Education Chhattisgarh for 
nominating my name as one of the contributors. I am grateful to  
Dr. Tripti Nagaria madam, Dean, Pt. Jawaharlal Nehru memorial medical 
college, for her all-time moral support and encouragement to work for the 
development of our fraternity.

I’d like to acknowledge and thank Dr. Neha Singh (Ph.D.), Senior Scientist, 
Virology lab, PTJNM Medical College in Raipur, for her invaluable 
assistance in the preparation of this document. I’d also want to thank 
USAID-NISHTHA/Jhpiego for their support with this project.

Dr. Nikita Sherwani, MBBS, MD  
Professor & HOD, Dept. of Microbiology  

PTJNM Medical College, Raipur, Chhattisgarh

MESSAGE
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The outbreak of COVID-19 has been highlighted on the global agenda, 
and in response, not only the state government but also policymakers 
across the country have focused their efforts on the establishment of 
virology labs and the recruitment of new HR for its proper operation. I 
am delighted to see this comprehensive operational manual for a BSL-
2 virology lab, which covers all necessary protocols from national and 
international advisories and guidelines issued by government authorities. 
Since COVID-19 is not the first and certainly not the last pandemic, I 
believe that this manual will be immensely beneficial for newly recruited 
staff working in these labs to follow all Biosafety protocols, as well as the 
establishment of new virology labs to combat more viral diseases in the 
future.

My heartfelt gratitude goes to Dr Vishnu Dutt sir, Director Medical 
Education Chhattisgarh, Dr Tripti Nagaria madam, Dean, Dr Kamlesh Jain 
Sir, State Nodal for Virology lab development & Professor, Community 
Medicine, and Dr Nikita Sherwani madam, HOD, Microbiology Department, 
Pt. Jawaharlal Nehru Memorial Medical College, for their tremendous 
support and encouragement.

I’d like to express my heartfelt gratitude to the State Government of 
Chhattisgarh, as well as USAID/NISTHA/Jhpiego, for taking this great 
initiative in this direction, and I’m proud to be a part of it.

Dr. Neha Singh, Ph.D. 
Senior Scientist, VRDL, Dept. of Microbiology, 

Pt. JNM Medical College, Raipur, Chhattisgarh

MESSAGE
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Abbreviations Full name
Ab Antibody
ABRH Alcohol-Based Hand Rub
ACD Anticoagulant citrate dextrose
Ag Antigen
BMW Biomedical waste
BSC Biological safety cabinet
BSL-2 Biosafety level-2
BSL-3 Biosafety level 3
BSL-4 Biosafety level 4
CBNAAT Cartridge-based nucleic acid amplification test
CDC Centres for Disease Control and Prevention (USA)
cDNA Complementary Deoxyribonucleic acid
ClO2 Chlorine dioxide
cm Centimetre
°C Degree Celsius
COVID-19 Coronavirus disease
CPE Cytopathic effect
CSF Cerebrospinal fluid
DNA Deoxyribonucleic acid
EBV Epstein-Barr virus
EDTA Ethylenediaminetetraacetic acid
E-gene Envelope gene
EH&S Environmental Health and Safety
EIA Enzyme immunoassay
ELISA Enzyme linked immunosorbent assay
EQAS External quality assessment scheme
ESFT Essential Supplies Forecasting Tool
ETP Effluent Treatment Plant
FA Fluorescent antibody
g Gram
g/l Gram/liter
GITC Guanidinium isothiocyanate
GMO Genetically modified organism
GMT Good microbiological techniques
HBV Hepatitis B virus
HCHO Formaldehyde

ABBREVIATIONS
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ABBREVIATIONS

HEPA High-efficiency particulate air
HIV Human immunodeficiency virus
hr Hour
HR Human Resources
ICMR Indian Council of Medical Research
IgG Immunoglobulin G
IgM Immunoglobulin M
IPA Isopropyl alcohol
IQAS Internal quality assessment scheme
KV Kilovolt
l Litre
lux Unit of illumination
min Minute
mm Millimeter
MoHFW Ministry of Health and Family Welfare
N-95 Negativity at Approximately 95 Milliseconds
Na2CO3 Sodium carbonate
N-gene Nucleoprotein gene
OHS Notify Occupational Health Services
OSHA Occupational Safety and Health Administration
PCR Polymerase chain reaction
PEP Post-exposure prophylaxis
PPE Personal protective equipment
QC Quality control
QMS Quality Management System
RdRp RNA dependent RNA polymerase
RNA Ribonucleic acid
rpm Revolutions per minute
RT-PCR Reverse transcription Polymerase chain reaction
SARS Severe acute respiratory syndrome
SARS-COV-2 Severe acute respiratory syndrome coronavirus -2
sec Second
SOP Standard operating procedures
SRF Sample referral form
TQM Total Quality Management
ul Microliter
UV Ultraviolet
V Volt
VCT Vinyl composition tile
VTM Viral transport medium
WHO World Health Organization
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As more BSL-2 level virology laboratories are constructed in the state of Chhattisgarh, employing 250+ 
people, a detailed operational document was thought to be necessary to meet the training needs and 
standardise the establishment process. In view of this the state government of Chhattisgarh with 
support from USAID’s flagship health system strengthening project NISHTHA, implemented by Jhpiego 
developed a detailed operational guidelines for BSL-2 virology laboratories. The document aims to be 
user-friendly and contextual which can be used as a ready reference resource for not only creating a new 
laboratory or improvising existing laboratories, but also as a tool for training or orientation of the staff of 
these laboratories

A team was created under leadership of Dr Kamlesh Jain, State Nodal Virology Laboratories, Dr Neha 
Singh, Senior Scientist, Virology Lab, Department of Microbiology as principal contributor and Dr. Nikita, 
Professor & Head of Department (HOD), Department of Microbiology, PTJNM Medical College, Raipur as 
principal reviewer to review the content of the document and provide her inputs. Technical support was 
provided by USAID-NISHTHA in finalising the document.   

After the review by principal contributor and principal reviewer, the document was given for review to 
a select group of national level eminent Professor and Scientist which  includes  Dr. Anudita Bhargava, 
Professor, AIIMS, Raipur, Dr. Gajanan Sapkal (Scientist-E, Indian Council for Medical Research (ICMR) – 
National Institute of Virology (NIV), Pune), Dr. Jyothi Bhat (Scientist ‘E’, ICMR- NIRTH, Jabalpur), and Dr. 
Ramanesh Murthy (Dean, Director & Professor, Govt. Medical College, Ambikapur, Surguja)  Dr. Hari Om 
Singh, (Scientist D, National AIDS Research Institute) who  reviewed the document and gave valuable 
comments which were incorporated in the final version.

During the preparation of this document, all related resource material, both offline and online, were 
referred to and categorised in the form of a compendium according to the chapters. Majority of the 
COVID-19 resource materials were referenced from WHO, Ministry of Health and Family Welfare, and 
ICMR which were available online for public viewing. These references have been provided at the end of 
each chapter. 

The chapters cover important themes like establishment, employee recruitment, training, equipment 
maintenance, inventory management, monitoring, bio-safety, and reporting. The chapterization of the 
document was developed on the basis of WHO recommended risk assessment framework, and the WHO 
checklist which is used to access the readiness of an establishment for a COVID testing facility. The 
SOPs were created with state-specific requirements in mind, and have been developed in user friendly 
formats. The operational manual is structured around nine main chapters, that are further segmented 
into 127 subtopics. 

Chapter 1: Key components of virology laboratory highlight three key components i.e., Human Resource, 
Physical Infrastructure and Equipment and supply for the establishment of a virology laboratory and 
diagnostic services. This chapter includes a basic plan for a BSL-2 virology laboratory which has been 
approved by the Chhattisgarh government. 

Chapter 2: Basic Principles covers 14 sub section and includes topic such as Containment Requirements, 
Laboratory Entry/Exit, Clinical Specimen Collection, Packing & Transport, Personal Protective Equipment 
(donning/doffing), Respiratory Protection, Flow of clinical specimens in a virology laboratory, Proper 
Use and Maintenance of Equipment, Required Training, Administrative Procedures, Spills and Exposure 

SUMMARY
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SUMMARY

Procedures, Post Exposure Procedures, Waste Disposal and Housekeeping, Warning and Labels 
Laboratory Signage and First-aid kit.

Chapter 3: BSL-2 laboratory briefly touches  upon the categorization of laboratory. BSL-1. BSL- 2, BSL-3, and 
BSL-4. The chapter highlighted Biological Risk Assessment process and its importance in establishment 
of laboratory. The chapter also covers Code of Practice and Laboratory safety Management.

Chapter 4: Viral diagnostic tests for COVID-19 elaborate on virus diagnosis, viral antigens following Virus 
culture, Molecular tests, Antigen detection and Serology.

Chapter 5: Good Microbiological Techniques highlights the aseptic techniques that are necessary to 
prevent contamination while working in laboratory with the biological agents. 

Chapter 6: Laboratory equipment and consumables - this chapter describes about 29 essentials as 
well as desirable instruments needed for BSL-2 laboratories which are an integral part of any virology 
laboratory.

Chapter 7: This chapter on biosafety focuses on the safe handling and containment of infectious 
microorganisms and hazardous biological materials to safeguard the laboratory worker, the community 
and the environment from unintended contamination with a biological hazard. The section on biosafety 
provides details on the processes of disinfection and sterilization and biomedical waste management 

Chapter 8: Chemical, Fire and Electrical Safety - this chapter highlights the associated risk with any 
clinical laboratory, other than biological hazard, like chemical, fire, electrical, and radioactive hazards.

Chapter 9: Quality System this chapter covers the concept and practice of “Quality” in advanced virology 
laboratory and its importance in producing results in a reliable and efficient manner. The chapter cover 
subtopics on Organizational management structure, Quality standards, Documentation, Inventory 
management, Training, Monitoring and evaluation. 

Safety checklist:  This section provides one page Inspection checklist for 17 key components for BSL-
2 which would help in preparing for the biosafety lab inspection and provides all the requirements for 
BSL-2 laboratories as a ready reference. Checklists for Laboratory premises, Storage facilities, Sanitation 
and staff facilities, Heating and ventilation, Lighting, Services, Laboratory biosecurity, Fire prevention and 
fire protection, Flammable liquid storage, Compressed and liquefied gases, Electrical hazards, Personal 
protection, Health and safety of staff, Laboratory equipment, Infectious materials, Chemicals and 
radioactive substances and disinfections and decontamination are included in this document. 
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Emerging infectious diseases caused by viruses have assumed great public health significance in 
the recent past. During the last three decades, almost 30 new viral pathogens have been detected. 
Diseases caused by viruses have had a huge public health consequence and in the recent past an 

increase in the frequency and spread of such diseases have been observed globally. Viral infections and 
viral epidemics attract considerable public attention, as evolving viral diseases add new paradigms to the 
public health perceptions. 

Not only in terms of health but also the economic and social structures of global communities have been 
impacted by viruses such as HIV, Hepatitis B and C, Severe Acute Respiratory Syndrome (SARS) and 
Avian Influenza virus. COVID-19 disease is an ongoing global pandemic and is caused by SARS-CoV-2.  As 
the outbreak spread rapidly across the world, WHO declared the epidemic as a Public Health Emergency 
of International Concern on 30 January 2020. 

With the sudden outbreak of the COVID-19 pandemic, there was an urgent need recognised for 
strengthening and establishing virology laboratories globally. Further, given the community-based 
transmission of COVID-19, there was an increased need for significant and rapid scaling up of testing 
capacity. Countries are now planning for expansion of COVID-19 diagnostics as well as research 
laboratories to speed-up the process of detection and to know more about the unknown viruses and its 
variants. 

The key elements for the establishment of a virology laboratory and diagnostic services are presented in 
figure 1.

Key components of a 
virology laboratory

Human 
Resources

Physical 
Infrastructure 

Equpiment
and

Supplies

Figure 1: Key components of a virology laboratory

CHAPTER 1

KEY COMPONENTS OF  
BSL-2 VIROLOGY LABORATORY



CHAPTER 1 : KEY COMPONENTS OF BSL-2 VIROLOGY LABORATORY

4  |  Operational Guidelines for BSL-2 Virology Lab

Physical Infrastructure
Designers and engineers need to have clarity on  Environmental Health and Safety  (EH&S) regulatory 
requirements, government policies and acceptable standards of care while designing laboratories. Ideally, 
a laboratory should be in a separate, multi-storey building or situated at the end of a corridor in a building. 
If this is not possible, it must be separated from other areas and facilities that are open to unrestricted 
staff movement within the building. This would restrict the entry of visitors, prevent contamination, 
and facilitate maintenance of biosafety standards. Medical diagnostic and research laboratories have 
the mandate to produce accurate and reliable reports, manage its productivity and protect its workers, 
environment and community. “Facility Management & Safety” find its place among the vital aspects 
that a viral laboratory needs to incorporate into its principles of operation. Laboratories needs optimum 
lab design which should be addressed both in new constructions and renovations. Such a proactive 
approach can optimize productivity and minimize health and safety hazards. Consequently, designing 
viral BSL-2 laboratories is an area that needs focussed attention. Physical structure of virology laboratory 
should adhere to following planning and design (Figure 2).

Architectural 
Considerations for 
laboratory design

Planning 
and 

Design

Architectural 
specifications 

Accommodation 
Requirements for 
Specific Areas of 

Laboratories

Additional 
guidelines for 
Laboratories

01

02

03

04

Figure 2: Laboratory planning and Design



CHAPTER 1 : KEY COMPONENTS OF BSL-2 VIROLOGY LABORATORY

|  5Operational Guidelines for BSL-2 Virology Lab

Architectural Considerations for laboratory design
Area of laboratory: Required area depends on the sample load, variety of viral diagnostic tests being 
performed, and nature of work being conducted (approx. 1200-2000 sqft) 

Path of workflow and layout of the laboratory: Unidirectional workflow is important in view of productivity 
management and infection control. Path of laboratory workflow shown in (Figure 3) and a basic layout for 
BSL-2 Virology laboratory approved by Govt. of Chhattisgarh shown in figure 4.

Sample Path

Registration Collection Accessioning Analysis Sample 
Disposal

Sample 
Storage

Reagent Path

Receipt Storage Indent Use 
Disposal 
of reagent

Report Path

Pathology, 
Microbiology, 
Biochemistry

Office Reporting 
Window

Figure 3: Path of Workflow

Corridors: Internal corridor width should not be less than 2550 mm. Corridors and passages toward the 
exit should be clear of obstacles. 

Ceilings: The minimum clear ceiling height in laboratory should be 3000 mm

Entry to the laboratory: In each laboratory, at the entry and exit points buffer space should be present in 
between the laboratory and non- laboratory space for ensuring that a separate hygienic, safe and secure 
spaces for handwashing facilities, shoe racks and space for storing Personal Protective Equipment (PPE).  

Safety and Infection control  
Ü Proper segregation between laboratory and non-laboratory area. 
Ü First-aid areas near laboratory suitably equipped and readily accessible. 
Ü Adequate space for decontaminating all laboratory wastes should be available in the facility (e.g., 

autoclave, chemical disinfection, or other validated decontamination method). 
Ü Laboratories should be equipped with fire/emergency exits, and all fire exits should lead to an open 

space outside. 
Ü Specified locations for fire extinguishers, fire blankets should be available
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Figure 4: A basic layout for BSL-2 Virology laboratory approved by Govt. of Chhattisgarh
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Security  
Ü Laboratory area should be secure and access should be restricted to authorized personnel only.
Ü The whole laboratory should be securely locked when unoccupied.  
Ü One security guard to be deputed during peak hours

Lighting 
Ü The laboratory should be illuminated to an optimal level (300 lux) for safe working conditions with 

minimum glare 
Ü Emergency lighting should be provided for walkways/exit routes. 
Ü Power back-ups

Spatial provision for equipment
Ü Access to equipment for entry and maintenance: There should be no physical restrictions for access 

in terms of door size or elevator size that could pose a problem for delivery and maintenance of new 
machines and equipment. 

Ü Optimum door width for all analytical/preanalytical spaces should be considered. 
Ü Stable power supply provision for sensitive equipment should be available round the clock. 
Ü A system for controlled disposal of liquids from equipment should be present as it is important to 

be aware of, and comply with, local and national requirements for liquid waste disposal, in order to 
prevent contamination of community sewage systems with pathogens or toxic chemicals. 

Ü Equipment should be placed appropriately, i.e. away from water hazards, and out of traffic areas.

Ventilation and installation of Bio Safety Cabinets (BSCs):
No specific ventilation systems are required for equipment or BSCs, however mechanical ventilation 
systems for new facilities should be provisioned for improved flow of air without recirculation to spaces 
outside of the facilities. 

Architectural Specifications
Materials selected for the construction of laboratories should be durable, smooth, easy to clean and 
maintain. The facility should have a safe, comfortable work environment with ease of maintenance. 

Materials used should be resistant towards the corrosive chemical activity of disinfectants and chemicals 
used in the laboratory. 

Selection of materials should be at least 2 hr fire rating as per fire safety norms in buildings. 

Flooring and  
Base Materials

Ü Should be non-absorbent, skid-proof, resistant to wear and tear 
and the  adverse effects of chemicals.

Ü Flooring be monolithic or have a minimal number of joints such 
as vinyl composition tile (VCT) 

Ü Surfaces should be easy to clean and impermeable to water. 
Ü Joints in the flooring material should be kept to a minimum and 

sealed by hot welding. 
Ü Additional general engineering guidelines for laboratories
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Walls Ü Wall surfaces should be free from cracks, unsealed penetrations, 
washable with strong detergents or disinfectants and imperfect 
junctions with ceiling and floors

Ceilings Ü Ceilings such as washable lay-in acoustical tiles (with smooth 
surface) should be provided for most laboratory spaces. 

Ü Open ceilings are acceptable provided minimal ducting and 
piping is present and all exposed surfaces are smooth and 
cleanable.

Windows and  
window Treatment

Ü Energy- efficient glass in windows are recommended.
Ü Laboratory windows that open to the exterior are not 

recommended. However, if a laboratory does have windows that 
open to the exterior, they must be fitted with screens

Doors Ü Self-closing doors are recommended to aid in infection control 
with appropriate width

Ü The doors and windows of the laboratory should be security 
proof 

Ü Access restriction to laboratories for example swipe cards or 
locks to control entry

Ergonomics features in  
Furniture/workstation/

counters

Ü Laboratory Ergonomics gives a reasonable common base 
for design. Laboratory furniture should demonstrate good 
ergonomic design and must be compliant with local norms/
standards.

Ü Furniture should demonstrate good ergonomic design and must 
be compliant with local norms/standards.
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Washing stations Sinks: Should be “all- in one’ units to avoid the need for sealing around 
the sink. should drain directly to the waste via a simple S-bend trap. 
Ü A dedicated sink is required when liquid radioactive or clinical 

waste is disposed of by dilution. 
Clinical hand- wash basins /Showers:
Ü Taps should be lever- knee-or elbow or automatic sensor- operated. 
Ü Wall mounted paper towel and soap dispensers should be 

provided 
Ü Eyewash stations should be adjacent to clinical hand-wash basins. 
Ü Provision of emergency shower pipes (within closed cubicle) in 

pre-analytical areas. 
Ü An emergency shower (optional) should be provided in corridor 

adjacent to any work area in which there is a risk of severe 
chemical contamination

Accommodation Requirements for Specific Areas of Laboratories 

Each collection station should have adequate space to accommodate two chairs 
(one for the  patient and other for the person who is collecting the sample), shelves 
to hold supplies and computer.

Ü Single specimen reception area should be adjacent to sample collection 
area, should have all information and distribute samples to the appropriate 
laboratory section.

Ü The specimen reception area should comprise of a reception room. Adjacent to 
the receiving area, sample handling area should be located with all appropriate 
standards.

Sample  
Collection

Central 
Specimen 

Reception and 
Handling 

Ü Bio Safety Cabinets must be installed in such a way that fluctuations of the 
room air supply do not interfere with proper operations of cabinets. 

Ü BSCs should be located away from doors, windows, and other possible airflow 
disruptions.

Ü HEPA filtered exhaust air from a Class II BSC can be safely recirculated back 
into the laboratory environment if the cabinet is tested and certified. 

Ü Provisions to assure proper safety cabinet performance and air system 
operation must be verified.

Ü Sterilization and decontamination rooms must be located close to virology 
laboratories so that the materials in question do not require passing through 
other areas.

Laboratory 
Work Area
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Ü This includes 
 Ü Storage 
 Ü Washing 
 Ü Administration office 
 Ü  Doctors’ rooms for single-person offices, which are sufficiently private for 

confidential discussions between staff and with space for the microscopic 
examination of slides

 Ü  Staff room with the facility of staff changing protective clothing, storage, 
Lunchroom, Pantry, Washrooms

 Ü Biomedical waste temporary holding facilities

Service 
rooms and 

Support 
Spaces

Additional guidelines for Laboratories:

Ü Natural lighting should be used (optimally) wherever possible. Passive Solar 
Design should ensure that laboratory areas are located where they can benefit 
from natural daylight.

Ü Areas where glare may be a problem (for example rooms where computers are 
routinely used) should be located away from direct daylight, use sunshades, 
window blinds, sunlight reduction glazing if needed.

Lighting

Ü Heating, ventilation, cooling and lighting should be automatically controlled 
when not in use and should be designed to meet the requirements of the 
Building Regulations norms.

Energy 
Conservation  

& 
Sustainability

Ü Natural ventilation: Natural ventilation should be used where possible.
Ü Mechanical ventilation: Ventilation systems for clean laboratories should 

maintain positive pressures at all times. They should normally use 100%  
fresh air.

Ventilation

Ü Excessive noise can adversely affect the operational efficiency of lab facility 
and cause discomfort.

Noise

Ü All necessary fire detection, protection and prevention should be provisioned in 
the laboratory

Fire Safety 
and  

Precautions

Ü Hot and cold water supplies to laboratories should be served by separate 
storage vessels and pipework distribution systems

Ü All pipework, valves and flanges for water supply systems should be insulated 
and vapour sealed.

Hot and 
Cold Water  
Systems
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Ü The internal drainage system should use the minimum of pipework and remain 
water/airtight at all joints and connections.

Ü System should acid-resistant
Ü Separate Drainage systems from clinical laboratories may be provisioned to 

ETP and not to be linked with other hospital system.
Ü Separate drainage collection system leading to effluent treatment system is 

required as per BMW rules.

Drainge 
and waste 
Systems

Human Resources:
Skilled and trained staff are required for proper functioning and optimum productivity of laboratories. 
Leaders of virology laboratories are responsible for organizing time-to-time significant trainings to 
sharpen the skills and productivity of the staff. Majority of HR training should be conducted in-person 
which relies on oral traditions and institutional knowledge that is not always physically documented. It is 
an important practice to utilize HR effectively to achieve better performance and to meet the laboratory 
goals. A viral research and diagnostic laboratory should have the following staff:

Ü Microbiologists 
Ü Senior Scientists
Ü Junior Scientists
Ü Laboratory Technicians
Ü Laboratory Assistants 
Ü Housekeeping/ Supporting staffs 

Key points to remember:
Fostering loyal, motivated employees helps to achieve targets effectively. Their professional development 
and training are needed for successful growth of the institution. 

Equipment and supplies:
Equipment and supplies are one of the most essential part of any virology research and diagnostic 
laboratory. These laboratories should be supplied with adequate equipment which are abiding to certain 
general principles, such as:

Ü Equipment should be designed in such a way which minimizes or avoids contact between infectious 
material and laboratory personnel. 

Ü Equipment construction quality should be impermeable to liquids, resistant to corrosion and meet 
mechanical requirements. 

Ü Should be free of sharp edges, burrs, and unguarded moving parts. 
Ü Designed, constructed, and installed to facilitate simple operation and provide for ease of maintenance, 

cleaning, decontamination, and certification testing. 
Ü Glassware and other breakable materials should be avoided wherever possible.
Ü In case of any outbreak of viral disease WHO has forecasted certain basic needs of equipment and 

supplies for diagnostic and research. One such example is for COVID-19, WHO’s COVID-19 Essential 
Supplies Forecasting Tool (ESFT)  which is designed to help governments, partners, and other 
stakeholders to estimate potential requirements for essential supplies to respond to the current 
pandemic of COVID-19. The list of essential as well as desirable equipment needed for the virology labs 
are illustrated in this book as Annexure 1. A diagnostic and research virology laboratory necessitates 
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an entire range of reagents and supplies. Most of the reagents and supplies listed in Annexure 2 are 
standard and would be adequate for the diagnosis of a range of viral infections. For further details on 
proper, use, maintenance and storage of equipment and supplies see (Chapter 2)

References
1. Guideline for establishment of virology labs, WHO, Regional Office for South-East Asia https://apps.

who.int/iris/handle/10665/205181
2. A biosafety level 2 virology lab, Wiley, BMBE https://www.ncbi.nlm.nih.gov/pmc/articles/

PMC5697656/
3. Laboratory Preparedness for SARS-CoV-2 testing in India, ICMR, India https://www.ijmr.org.in/temp/

IndianJMedRes1512216-2353982_063219.pdf
4. General Requirements for Laboratories, University of California https://lsdm.ucop.edu/sections/

general-requirements-laboratories
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CHAPTER 2

BASIC PRINCIPLES
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The basic principle involved in Laboratory Entry/Exit, processing of clinical specimen and its packing & 
transportation, work flow and PPE, maintenance of equipment, spills and exposure procedures, waste 
disposal, first-aid kit and standard operating manual plays a critical role in functioning of the laboratory.

Laboratory Entry and Exit

Purpose
To lay down the entry and exit procedure for BSL-2 virology laboratory.

Scope
SOP is applicable for entry and exit procedure for BSL-2 virology Laboratory.

Responsibility
Head/In-charge 

Entry
Ü	 Enter the lab through the staircase/elevators/ on any given route.
Ü Remove the street footwear and keep them in the designated place/ shoe rack and wear dedicated lab 

footwears.
Ü Press the locking button to open the door and enter inside of the corridor area. 
Ü Sanitize hands with 70% IPA.
Ü Open the garment cubicle, pick and wear the dedicated full sleeves white apron.
Ü Wear the head cap, shoe cover before entering inside. 
Ü Enter the virology section through the corridor. For different areas such as lysis, extraction, Pre-PCR, 

analysis room enter through the general corridor and ensure that the personnel is wearing appropriate 
Personal Protective Equipment (PPE) 

Note: Only authorized personnel are allowed to enter the virology sections. While handling the 
sample, laboratory personnel should follow the proper practice of PPE.

CHAPTER 2

BASIC PRINCIPLES
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For Visitors 
Ü Use full sleeves white visitor’s apron, cap, shoe cover and lab footwear.

For Helpers 
Ü Use Dedicated lab uniform (pant, shirt, apron, gloves, cap) and the remaining entry procedure is same 

as that for staff.

Exit
Ü Before leaving the lab, remove the apron and hang them in the designated place of the garment cubicle 

or in the racks available in the changing room. 
Ü In the case of shoe covers, masks, gloves, remove them and discard in the dedicated dust bin.
Ü Press interlocking button to open the air lock door. Open the exit door of main entry and keep the 

dedicated virology lab footwears in the designated place.
Ü Open the door leading to exit from the corridor.

References
1. https://pharmabeginers.com/entry-and-exit-procedure-in-qc-laboratory/
2. http://qualityguidances.com/sop-for-entry-and-exit-in-quality-control-laboratory/
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Clinical Specimen Collection, Packing and Transport
Purpose
The purpose of this SOP is to summarize the procedure for specimen collection, packaging and transport 
guidelines for infectious agents like SARS-CoV-2

Scope 
This SOP will be useful for the laboratory personnel who are responsible for specimen collection, 
packaging and transport of clinical specimens to the virology lab for testing/or research purpose. 

Responsibility
Head/ Lab In-charge 

Introduction 
An adequate specimen is essential for patient management. Specimens are to be collected with utmost 
care and should be promptly transported to the laboratory

General Guidelines
Ü Consider all specimens as POTENTIALLY HAZARDOUS / INFECTIOUS. 
Ü Handle all specimens with gloves in a secure manner (UNIVERSAL PRECAUTION). 
Ü Ensure that specimens are labelled properly. 
Ü Ensure correct container is used for collection. 
Ü Do not contaminate the outside of the specimen container. 
Ü Do not handle laboratory requisition forms with gloves. 
Ü Ensure that no unauthorized access to the specimen takes place. 
Ü Ensure no adulteration or tampering of the specimen takes place. 

Equipment required for sample collection, packing and transport
Only trained health care personnel should be authorized for collecting sample by wearing the appropriate 
PPE such as gloves, gown, mask, along with other protective equipment.

For Sample collection 

Ü Requisition form Ü Label

Ü Marker pen Ü Sterile swab sticks

Ü Vial containing Viral transport medium Ü Scissors

Ü Tissue For packaging Ü Vaccine container/ Thermacol box

Ü Ice packs Ü Packing material like cotton, tissue and Cello tape

Labelling of Specimens
Specimens for laboratory testing should have labels which includes 

Ü Patient’s name Ü Age & Gender

Ü Patient’s unique identification number/hospital 
registration number

Ü Hospital / Ward details

Ü Label specimens using marker pen and put a 
cello tape to protect ink from fading away

Ü Tighten the tube cap and may use cello tape to seal the 
cap.
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Requisition form
All specimens must be accompanied by a requisition form with the following details: – 

Ü Hospital/Laboratory Name Ü Patient Identification Number

Ü Patient Name, Age/Gender Ü Patient Contact Details (phone, email, address)

Ü Travel and contact history Ü Date and Time of collection and sending to the laboratory

Ü Type, source, and volume of specimen Ü Brief clinical history and relevant investigational results

Ü Test Required Ü Sender’s signature

Specimen collection 
USE Personal Protective Equipment: Wear PPE, before collecting patient sample such as SAR-CoV-2 or 
any other infectious agents. 

Nasal Swab Collection 
Ü Nasal swab is collected from the anterior turbinate 
Ü Insert dry swab into nostril up to 1 inch. 
Ü Slowly rotate the swab, gently pressing against the inside of 

your nostril at least 4 times for a total of 15 seconds. Get as 
much nasal discharge as possible on the soft end of the swab.

Ü Slowly remove swab while slightly rotating it. 
Ü Use a same swab for another nostril. 
Ü Put tip of swab into vial containing VTM, breaking applicator’s  

stick 

Throat Swab Collection:
Ü Have the patient open his/her mouth wide open 
Ü Use tongue depressor 
Ü Sweep the swab over the back of throat including  

tonsils.
Ü Send both nasal and throat swab of one patient in a  

single VTM tube. 
Ü Send filed requisition form also

Specimen packaging and transport
Triple layer sample packaging: Sample should be  
safely packed in a triple layer container The following  
are the key features of the sample packaging:

Ü Protects the environment and the carrier 
Ü Protects the sample 
Ü Arrival in good condition for analysis

The packaging consists of three layers as follows: (figure 5).

1. Primary receptacle: A labelled primary watertight, leak-proof receptacle containing the specimen. 
The receptacle is wrapped in enough absorbent material so as to absorb all the fluid in case of a 
breakage.

 

Viral Transport Media 
(VTM) 

Nasal swab collection

Throat swab collection

Viral transport media
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2. Secondary receptacle: A second durable, watertight, leak-proof receptacle to enclose and protect the 
primary receptacle(s). Several wrapped primary receptacles may be placed in one secondary receptacle. 
Sufficient additional absorbent material must be used to cushion multiple primary receptacles.

3. Outer shipping package: The secondary receptacle is placed in an outer shipping package which 
protects it and its contents from outside influences such as physical damage and water while in transit.

UN speci�cation marking

Cap

Absorbent material
Primary receptacle
(test tube)

Secondary
packaging
(watertight)

Specimen record (includes
itemized list of contents)

Outer
packaging

Package
orientation
label
(not mandatory
when primary
receptacle does
not exceed 50 ml)

Figure 5: Transportation of specimen

Specimen data forms, letters, and other types of information that identify or describe the specimen for 
“testing” and also identify the shipper and receiver should be taped to the outside of the second receptacle.  
Sample should be transported in the cold chain to the reference laboratory with prior intimation. All 
specimens should be delivered to the laboratory soon after collection owing to the loss of infectivity which 
occurs over time. If immediate delivery is not possible, refrigerate specimens (2 °C to 8 °C), or place them 
on wet ice or a cold pack. Do not freeze samples. If the sample has to be frozen, freeze them rapidly at 
–20 °C or –70 °C.

Specimen collection, Storage and Transport details: 

Specimen type Collection material Transport to labora-
tories. (48-72 hours.)

Storage till testing

Nasopharyngeal and oropharyn-
geal swab. (Both swabs should be 
placed in the same tube to increase 
the viral load.)

VTM 4° C ≤72 hours. 4 ° C.
>72 hours. - 70 ° C.

Bronchoalveolar lavage. Sterile container. 4 ° C ≤ 48 hours.4 ° C.
> 48 hours. - 70 ° C

Tracheal aspirate Nasopharyngeal 
aspirate or nasal wash.

Sterile container. 4 ° C ≤ 48 hours.4 ° C.
> 48 hours. - 70 ° C

Sputum.
(Ensure the material is from the 
lower respiratory track.)

Sterile container 4 ° C ≤ 48 hours.4 ° C.
> 48 hours. - 70 ° C

Cerebrospinal fluid (CSF). Sterile round bottom tube 4 ° C ≤72 hours. 4 ° C.

Amniotic fluid VTM or Sterile container 4 ° C >72 hours. - 70 ° C.

Vitreous fluid. 4 ° C ≤72 hours. 4 ° C.

Urine. Sterile tube/container 4 ° C >72 hours. - 70 ° C.
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Blood In yellow ACD tube 4 ° C ≤72 hours. 4 ° C.

Bone marrow aspirate In yellow ACD tube 4 ° C >72 hours. - 70 ° C.

Faces. In container without pre-
servative. 

4 ° C ≤72 hours. 4 ° C.

Tissue. In sterile saline or viral 
transport media.

4 ° C >72 hours. - 70 ° C.

Acceptance Criteria

Ü Ensure that the specimens are properly 
labelled with unique identification number 
and date 

Ü Cross check the specimen label (unique identification 
number and date) with the request form 

Ü Ensure that the specimen received is in good 
condition 

Ü Record all primary specimens in the laboratory register /
computer after receiving them in the laboratory

Rejection Criteria: 

Ü Unsuitable Specimen for Procedure Ü Reject specimens which are unsuitable (e.g., leaking/
broken specimen container) for the procedure requested 
or if the specimen has been in transit too long for a valid 
result.

Ü Improperly or un-labelled. Ü With no or incomplete case sheet.

Spill Clean-Up 

Ü Decontaminate spills - 10 % bleach after 
wiping the surface clean 

Ü Place waste in leak-proof biohazard bags

Ü Ensure safe final management of 
waste(autoclaving)

Ü Protect cleaning personnel with PPE

Key points to remember
Leaking specimens are hazardous to all staff involved in handling. Such specimens should be 
rejected or discarded 

When leakage of fluid content to the outside of the outer container is encountered during transport 
within laboratory: -
ä Report to laboratory In-charge immediately
ä People in the vicinity should be alerted and instructed to stay away from the affected site 

The spill should be decontaminated as soon as possible according to the Spill Clean-up Procedure

References
1. (http://www.iata.org/ads/issg.htm ) specimen collection & transport SOP.pdf 
2. https://www.kgmu.org/download/covid_pdf/COVID-19-KGMU-SAMPLE-COLLECTION-SLIDES.pdf  
3. https://www.publichealthontario.ca/en/laboratory-services/kit-test-ordering-instructions/virus-

respiratory-kit 

Specimen type Collection material Transport to labora-
tories. (48-72 hours.)

Storage till testing
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Personal Protective Equipment (PPE) (Donning and Doffing)
Purpose
To lay down the procedure for proper use of PPE

Scope 
This SOP will be useful for the laboratory personnel to understand the different components of PPE and 
its donning and doffing procedures

Personal Protective Equipment (PPE) 
PPE are protective gears designed to safeguard the laboratory personnel by minimizing the exposure to a 
biological agent such as SARS-CoV-2.

Components of PPE 
Goggles, face-shield, mask, gloves, gowns, head cover and shoe cover. Each component and rationale for 
its use is given in the following paragraphs  (Also refer to figure 6 below)

 
Figure 6: Components of PPE
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Before donning any PPE
Ü Remove personal clothing and all personal items and change into hospital scrubs. Following this, one 

can wear their shoes
Ü Personal eyeglasses may be worn in the room.
Ü Perform hand hygiene with alcohol-based rub.
Ü Securely tie back one’s hair, if required. 
Ü Ensure you are wearing appropriate footwear. 
Ü Perform hand hygiene with alcohol-based rub and allow hands to dry before moving onto the next step.
Ü Inspect PPE prior to donning. Replace PPE, if defects are found.

Donning PPE
Ü Engage trained observer. 
Ü Put on knee-high leg and foot coverings.
Ü Sanitize hands with 70% alcohol 
Ü Put on the N-95 respirator. 
Ü Respirator straps should be placed on crown of head (top strap) and base of neck (bottom strap). 

Perform a user seal check each time you put on the respirator. 
Ü Put on fluid-resistant head covering and ensure all hair, ears and neck is covered.
Ü Put on the surgical mask.
Ü Put on goggles/full-face shield. Face shields provide full face coverage. Goggles also provide excellent 

protection for eyes, but fogging is common.
Ü Select the proper eye protection to ensure that the respirator does not interfere with the correct 

positioning of the eye protection, and the eye protection does not affect the fit or seal of the respirator. 
Ü Scrub hands with 70% alcohol.
Ü Put on the gown. 
Ü Put on inner gloves. Ensure that inner gloves are under cuff of gown sleeve.
Ü Put on outer gloves. Pull the glove completely over the cuff of the gown sleeve.
Ü Confirm that the PPE is on correctly with no gaps that expose skin or mucous membranes.
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Figure 7: Donning PPE 

(Source: Weill Cornell Medicine)
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Doffing PPE:
Ü Remove gown and outer set of gloves. Inspect outer gloves for cuts or tears. If outer gloves are cut or 

torn notify observer.
Ü Disinfect outer-gloved hands with a disinfectant wipe completely and allow to dry.
Ü Remove outer set of gloves using glove-to-glove technique taking care not to contaminate inner glove 

during removal process.
Ü Inspect inner glove: 
 i.  If cut/torn, disinfect the glove with disinfectant wipe or ABHR. Remove the inner glove, perform 

hand hygiene with alcohol hand rub on bare hands and put on a clean pair of gloves. This is a 
breach.

 ii.  If no tears/cuts, disinfect inner gloved hands with a disinfectant wipe or ABHR and allow to dry.

Ü Sit down on a designated stool. Remove foot coverings while sitting on the stool. Place leg and foot 
coverings in the bio-hazardous waste container.

Ü Remove inner gloves and dispose them off in biohazardous-waste container.
Ü Carefully perform hand hygiene with ABHR.
Ü Put on a pair of new gloves (longer type not required).
Ü Remove the goggles/ face shield by tilting your head slightly forward and pulling it over the head using 

the sides of the strap and supporting a shield with your thumbs. Allow the face shield to fall forward 
and discard it in the biohazardous waste container.

Ü Remove surgical mask as well as head covering and discard in the biohazard waste container.
Ü Disinfect inner gloved hands with a disinfectant wipe or ABHR and allow to dry.
Ü Remove procedure mask or N95 respirator by straps. Do not touch the front of the procedure mask/

N95 respirator. Discard in the biohazard waste container.
Ü Wash hand and put on a new mask.
Ü Perform final inspection for any indication of contamination of the hospital scrubs or otherwise on the 

body.

 I.  If there is evidence of contamination in the doffing area, remove scrubs and dispose of in the 
biohazardous waste. Put on a clean set of scrubs and walk to the shower area. Discard these clean 
replacement scrubs in regular garbage. This is a breach.

 II.  If there is not any evidence of contamination, walk to the changing area to remove scrubs, and 
place these in regular garbage. Don a new set of scrubs.

 III. Shower facilities should be available
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Figure 8: Doffing PPE
                (Source: Weill Cornell Medicine)
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Identifying a Breach In PPE
A breach involves a situation in which the PPE has been totally or partially compromised resulting in 
potential exposure of the health care worker. Examples of a breach include:

Ü Gloves get separated from gown, thereby exposing the skin
Ü Inner glove cut/torn, even if the outer glove appears intact
Ü Visible cut/tear in the gown
Ü Needlestick 

If you have experienced a breach, remain calm and immediately follow all the steps given below:

Process to Follow in the Event of a Breach
1. If a breach in PPE is suspected, go to the designated doffing area immediately.
2. Work with trained observer to remove PPE as per the step-by-step instructions for doffing PPE, taking 

care to avoid any further self-contamination.
3. If the exposed area is intact skin, wash the affected area well with soap and water.
4. If the exposed area is a mucous membrane or eye flush, then wash the area with generous amounts 

of water.
5. If a percutaneous injury occurs, do not promote bleeding by squeezing the wound and do not soak the 

wound in bleach or disinfectant. Wash the area with soap and water.
6. Report the exposure immediately to workplace health care center 

Key points to remember
ä Laboratory personnel must receive comprehensive training on when and what PPE is 

necessary, how to don (put on) and doff (take off) PPE, limitations of PPE, and proper care, 
maintenance, and disposal of PPE.

ä Should have skill of performing appropriate infection control practices and procedures.
ä PPE must remain in place and be worn correctly for the duration of work in potentially 

contaminated areas. 
ä PPE should not be adjusted during laboratory work.  
ä PPE must be removed slowly and deliberately in a sequence that prevents self-contamination. 

References
1. https://www.osha.gov/personal-protective-equipment
2. https://www.cdc.gov/hai/pdfs/ppe/ppe-sequence.pdf
3. https://www.who.int/teams/health-product-policy-and-standards/assistive-and-medical-

technology/medical-devices/ppe/ppe-covid
4. https://twitter.com/dhfwka/status/1255059482251427842?lang=zh-Hant
5. https://ww2.health.wa.gov.au/-/media/Corp/Documents/Reports-and-publications/Review-of-PPE-

breaches/Review-of-Breaches-in-Use-of-PPE-at-State-Supervised-Quarantine-Facilities.pdf 
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Respiratory Protection
Purpose
To protect employees from all the respiratory hazards while working in the virology laboratory.  

Scope 
This SOP will be useful for the laboratory personnel to understand and follow procedures for respiratory 
protection.

Responsibility
Head/ Lab In-charge 

Introduction
Respiratory hazards in the laboratory are real and can lead to serious consequences. Laboratories that 
use, handle or produce materials that may present respiratory hazards are required to comply with the 
Occupational Safety and Health Administration (OSHA), Respiratory Protection Standard (29 CFR 
1910.134). Respiratory viruses such as Coronaviruses target mainly the upper and lower respiratory 
tracts. Hence the droplet precautions/airborne precautions using masks are crucial while dealing with 
hazardous microorganisms such as SARS-CoV-2.

Types of Masks and their usage 
Two types of masks are recommended for various categories of personnel 
working in laboratories/hospitals or community settings, depending upon the 
work environment.

1. Triple-layer medical mask 
2. N-95 Respirator mask

Triple-layer medical mask:  A disposable mask which is fluid-resistant and 
protects the wearer from droplets of infectious material emitted during 
coughing/sneezing/talking.

Figure 9: Steps showing how to wear triple layer medical mask

Triple layer medical mask
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N-95 Respirator mask: To provide the requisite air seal to the 
wearer, such masks are designed to achieve a very close facial 
fit. Such masks have high fluid resistance, good breathability, clearly 
recognizable internal and external faces, duckbill/cup-shaped 
structured design that does not collapse against the mouth.  

If correctly worn, the filtration capacity of these masks exceeds those 
of triple-layer medical masks. Since these provide a much tighter air 
seal than triple-layer medical masks, they are designed to protect the 
wearer from inhaling airborne particles.
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Figure 10: Steps showing how to wear N-95 Respirator mask

Key points to remember
ä Mask should cover your mouth, nose and chin with the colored side facing outwards.
ä Always remove used mask holding only the ear loops. 
ä To be effective, change your mask regularly or if soiled or wet.
ä In most cases, protective measures are necessary and are not optional.
ä Never cut corners: Follow safe work procedures and use the equipment that is designed to 

protect you from the hazards you face.
ä Wash your hands with soap and water after disposing the soiled mask into bin.
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Flow of Clinical Specimens in a Virology Laboratory

Received Clinical Specimens

Assess the quality, condition on receipt, adequacy of clinical 
information provided and suitability for virological testing

Accept Specimen

Process specimen, aliquot 
and store at -20˚ C or -70˚ C

Subject results of testing to 
validation procedures (internal 

quality control procedure)

Preserve original specimen in 
aliquot and store at -20˚ C or 

-70˚ C and send it to the reference 
laboratory if and when required 

Test specimen using appropriate 
laboratory algorithms

Release results to 
clinician/referral agency

Archive result in an appropriate 
format Registers, Excel sheet, etc...

Reject Specimen

Document action taken for 
rejecting the sample in the 

appropriate laboratory records

Communicate decision to the 
referring clinician / agency 

giving precise reasons and request 
for a second sample

References
1. https://www.humanresourcesonline.net/how-and-when-to-wear-a-surgical-mask-during-the-wuhan-

virus-outbreak  
2. https://www.mohfw.gov.in/pdf/GuidelinesonrationaluseofPersonalProtectiveEquipment.pdf  
3. https://simplifytraining.com/course/respiratory-protection-in-the-laboratory/
4. https://arcatron.in/3-ply-face-mask-surgical-disposable-with-meltblown-filter.html 
5. https://www.kgmu.org/download/covid_pdf/COVID-19-KGMU-SAMPLE-COLLECTION-SLIDES.pdf
6. https://www.mohfw.gov.in/pdf/GuidelinesonrationaluseofPersonalProtectiveEquipment.pdf
7. https://www.cdc.gov/meningitis/lab-manual/chpt05-collect-transport-specimens.html
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Basic Use and Maintenance of Equipment
Purpose
To assure proper use and maintenance of laboratory equipment’s to get high-quality output. 

Scope 
This SOP will be useful for the laboratory personnel to understand the selection, maintenance and 
management of equipment needed for the provision of services.

Responsibility: -
Head/ Lab In-charge

Introduction
Laboratory equipment are essential components. Well-maintained lab equipment ensures that records are 
consistent and reliable, which positively impacts the productiveness and integrity of the work produced. 
Different strategies and schedules will guarantee that equipment in a laboratory is well-maintained and 
taken care of, it includes:

Ü Developing standard working methods for all lab equipment.
Ü Preparing documentation on each particular piece of equipment, laying out the repairs and maintenance 

to be undertaken.
Ü Outlining a preventive maintenance program for each piece of equipment.
Ü Training both technical and administrative staff on appropriate utilization and care of lab equipment.

Following needs to be followed for proper use and maintenance of equipment:

1. Equipment Maintenance Documentation
This is a centralized collection of all the information regarding a particular piece of equipment as 
shown in Table 1. Documentation contains the description of repair work, parts replacements, tests, 
measurements, adjustments, or deep cleaning done on the equipment.

Table 1: Example of an identification and maintenance log

Item Identification:

Equipment: Brand:

Purchase date: Model:

Storage/position in lab: Serial No.

Warranty expiration:

Manufacturer: Tel. No.

Address:

Contact person: Tel. No.
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A regularly updated equipment maintenance log can help to:

Ü Highlight trends like repair costs, equipment durability and productivity. Subsequently, this will help the 
In-charge to take an informed decision to choose from different options of equipment and which is 
best suited for the lab.

Ü Point out the equipment that undergoes wear and tear frequently. If the cause of the malfunction is 
operation-related, it can highlight the need for re-training the laboratory staff.

2. Preventive Maintenance Program
A preventative maintenance program guarantees that the equipment operates efficiently and within the 
manufacturer’s standards. 

A preventive maintenance file should detail:
Ü Error alerts on the equipment and subsequent action to be taken.
Ü Basic troubleshooting when the equipment malfunctions.
Ü Logs for error reports and failure events; see example in Table 2.
Ü The servicing and calibration did on the equipment and the dates for subsequent calibrations.

Table 2: Example of a failure event log for a preventive maintenance program (Stickers should be utilized 
for equipment labelling to summarize the preventive maintenance activities undertaken, the date, and the 
staff involved).

Failure Events

Date Event Corrective action Operator

3. Training Laboratory Staff on Equipment Maintenance
Technical and management staff training is not a one-time event. It should be done regularly, with 
additional trainings planned when new or upgraded models are purchased.

For proper staff training on equipment care and maintenance:

	Provide all necessary documentation including SOPs, 
maintenance logs, service manuals, etc.

	Ensure that the staffs have, along with a theoretical 
presentation, practical on-the-job training on the use 
and maintenance of lab equipment.

	Train all staff on preventive maintenance, where 
they learn about the general care of equipment like 
lubrication and checking for possible damage.

	At the end of the training, a scoring system should be 
availed to evaluate the effectiveness of the training.
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4. Cleaning 

	The equipment is always cleaned before and after 
each use.

	Cleaning reagents and cleaning aids used are specific 
for laboratory equipment care.

	In addition to regular cleaning, a schedule is required for 
more in-depth cleaning. This might involve dissembling 
certain machines to clean hard-to-reach parts.

	Always follow instructions from the manufacturer on 
cleaning policy.

	Certain parts of the equipment might require very 
specific solvents, cleaning materials, or drying 
procedures.

5. Calibration
Calibration is the process of comparing an equipment’s results to a standard unit of measurement to 
evaluate its accuracy and make required changes. Calibration should be done when:

	The recommended time by the manufacturer elapses.

	The equipment is hit by a force, dropped on the 
ground, or involved in an accident or an event of 
safety concern.

	There are unusual patterns or sounds while the 
equipment is in use.

	Measurements obtained are questionable.

	Highly critical measurements, where data accuracy is 
of utmost importance, are to be carried out.

6. Repairs and Refurbishments
Lab equipment is generally costly, and repairs and refurbishment prolong the lifespan of the equipment, 
saving the expense of new purchases. The following are points to be considered:

	Repair and/or refurbish faulty or worn-out lab 
equipment without any delay. Faulty machines may 
stop working suddenly in the middle of an experiment 
leading to losses and they can also be a source of 
safety concerns.

	Minor repairs can be done by a dedicated staff, while 
major repairs should be directed to the specialist with 
knowledge of the specific machine or equipment.

	Refurbish old equipment to give them a new lease of 
life by cleaning thoroughly, polishing where necessary, 
lubricating movable parts, and replacing small worn-
out bits.
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7. Quality Replacement
Replace any equipment that cannot be fixed or reconditioned. It is best to get equipment from reputable 
vendors who can guarantee quality and provide technical assistance. 

Key points to remember
Ü Maintenance of laboratory equipment should be a routine part of the lab’s standard operating procedure. 

This will ensure the longevity of the equipment’s life and the data generated in the laboratory is reliable.
Ü The DO’s and DON’Ts of operating the equipment must be mentioned clearly. 
Ü The SOP should be made accessible at the workbench.

References
1. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2975116/

2. https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-6782-5

3. https://www.ncbi.nlm.nih.gov/books/NBK55878/ 

4. Skoog DA., Holler, FJ. and Crouch SR. (2018). Principles of Instrumental Analysis, 7th Ed. 2007. Cengage 
Learning. US 
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Training
Personnel competence and training 
The utmost important part of the virology laboratory is to ensure that the roles and responsibilities of all 
the personnel are clearly defined and periodic trainings are offered to upgrade the skillset and knowledge 
of the laboratory staff. This would ensure that the laboratory staff is up to date with contemporary 
diagnostics and new research procedures which will enable in sustaining the quality of the services 
rendered.

General familiarization and awareness training
An introduction of laboratory structure, codes of practice, local norms, safety manuals, risk assessments, 
statutory requirements, and emergency response protocols.

Job-specific training
Ü Training requirements might differ depending on the job roles. However, in general, all personnel must 

be trained on GMP and dealing with biological agents.
Ü Competency and proficiency assessment must be tested and verified before working independently, 

followed by regular review and refresher trainings
Ü Appropriate information such as recent methods must be revised and communicated to relevant staff. 

Safety and security training
All workers must be mindful of laboratory related hazards and their associated risks, appropriate working 
procedures, safety measures, and emergency awareness and response.

References
1. https://www.wku.edu/compliance/usersafetytrainingdocument.pdf 

2. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2975116/ 
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Administrative Procedures
Why?
Ü Administrative procedures help to establish the legitimacy of management’s action by ensuring the 

application of management rules and decision in an objective, fair, and consistent manner. 
Ü They help in ensuring that managers/In-charge are held accountable for decisions that deviate from 

the procedures.
Ü Administrative considerations to minimize the risk of workers’ injuries or illness.

How?
Ü There are a set or system of rules that regulate the procedures for managing the laboratory. These 

procedures are designed to establish efficiency, consistency, responsibility, and accountability. 
Ü All employees should read and adhere to the laboratory Standard Operating Procedures (SOPs)/

Manual. 
Ü Routine procedures must be described in written SOPs. They must be reviewed regularly and modified, 

if necessary. 
Ü The modified versions should be signed and dated by the laboratory HOD/ In-charge. 
Ü The recent most version of SOPs should be available at the workplace. The old versions should be 

archived in the laboratory if required. 
Ü It is the responsibility of each lab member to carefully consider every action taken in the BSL-2 virology 

lab. 
Ü All laboratory documents/ records files should be maintained in an appropriate manner for future 

references. 
Ü Records of laboratory certification/ approved documents should be maintained in separate files in the 

administrative office safely.
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Spills and Exposure Procedures
Purpose: 
To develop SOP for spill and exposure response procedures for etiologic agents such as SARS-CoV-2

Scope 
This SOP will be useful for the laboratory personnel as a guide dealing with spills protocol and components 
of biological spill kits.

Responsibility
Head/ Lab In-charge 

Emergency Procedures
Biological spill kit materials and written procedures shall be kept in each laboratory where work with 
infectious agents is conducted. Basic equipment includes concentrated disinfectant (such as chlorine, 
bleach), absorbent material, latex or nitrile gloves, autoclave bags, sharps container, and forceps or other 
mechanical devices which is used to pick up broken glass. Do NOT handle broken glass with your hands.

This section covers the following: 
1. General Spill Clean-Up Guidelines 
2. Spill of BSL-2 Material 
3. Spill in a Biosafety Cabinet 
4. Spill in the Laboratory areas 
5. Skin, Mucous Membrane, or Injury Exposure

1. General Spill Clean-Up Guidelines 
Ü Wear gloves, protective eyewear, and a laboratory coat.
Ü Use forceps or other mechanical means to pick up broken glass and discard it into a container meant 

for sharp objects. 
Ü Cover spilled material with paper towels. 
Ü Add diluted disinfectant in sufficient quantity to ensure effective microbial inactivation, let it sit for 15 

minutes. 
Ü Discard towels in the waste container. 
Ü Wipe spill area with diluted disinfectant. Discard clean-up materials in the waste container. 
Ü Wash hands with soap and water when finished. 
Ü Report all spills to EHS Biosafety of your respective campus.

2. Spill of BSL-2 Material 
Ü Keep other workers out of the area to prevent the spreading 

of spill material. 
Ü Post warning sign, if needed. 
Ü Remove contaminated clothing and put it in a biohazard 

bag for decontamination later. 
Ü Wash hands and any exposed skin and inform the lab 

manager/In-charge. Contact EHS Biosafety for your 
respective campus for assistance, if needed. 
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Ü Wear gloves, face protection, and a lab coat to clean up the spill. 
Ü If broken glass is present, use forceps to pick up and place it in a container meant to dispose of sharp 

objects.
Ü Absorb the spill with paper towels and add diluted disinfectant in sufficient quantity to ensure 

decontamination, let it sit for 15 minutes. 
Ü Discard all materials into the waste container. 
Ü Wipe the spill area with appropriate dilution of a disinfectant effective against the organism. Discard 

clean-up materials in the waste container. 
Ü Autoclave all gloves and other materials worn to clean up the spill. 
Ü Wash hands with soap and water. 
Ü Report all spills to EHS Biosafety of your respective campus. 
Ü If an injury has occurred, complete an occupational Injury/Illness report and seek medical evaluation.

3. Spill in a Biosafety Cabinet
Ü Leave the cabinet turned on. 
Ü Don double gloves, a lab coat, and eye protection if not already wearing them. 
Ü Cover spilled material with an absorbent paper towel or Kimwipe. Once the absorbent material is in 

place, wet the material with 10% solution of bleach or other appropriate disinfectants. 
Ü Let it sit for 15-20 minutes, wipe up and wash the surface with appropriate disinfectant. 
Ü If personnel are contaminated, remove potentially contaminated garments at the BSC and 

decontaminate garments by saturating it with 70% ethanol or place them in an autoclave bag for 
autoclaving. 

Ü Wash hands and other potentially exposed skin surfaces thoroughly with soap and water. Don fresh 
PPE, return to the worksite, and spray walls, liners, and equipment with an appropriate disinfectant. 

Ü Spray or wipe container walls, other work surfaces, and equipment with the appropriate disinfectant.
Ü If necessary, flood the work surface, drain pan and catch basin below the work surface with disinfectant. 

Allow at least 15-20 min contact time. 
Ü Soak up the disinfectant and drain the catch basin into a container. Lift the front exhaust grille and tray 

and wipe all surfaces. Ensure that no foreign materials are blown into the area below the grille. 
Ü If 10% bleach solution is used on metal surfaces, rinse with water or 70% ethanol after decontamination 

is complete. 
Ü If the spill overflows into the interior of the cabinet, more extensive decontamination of the cabinet 

may be necessary. 

4. Spill in the Laboratory
Ü If an infectious aerosol exists outside of a biosafety cabinet, leave the room immediately, lock the door, 

post a warning sign and inform your supervisor.
Ü If clothing is contaminated, remove and turn the exposed side of the fabric and place it in an autoclave 

bag or biohazard container. 
Ü Wait at least 30 minutes before re-entering the lab to allow dissipation of aerosol caused by the spill. 
Ü During this time, review clean-up procedures, assemble decontamination materials, PPE. 
Ü Don fresh gloves, a lab coat, and eye protection. 
Ü Carefully lay disinfectant-soaked towels over the spill and pour more around the spill. 
Ü Allow 15-20 mins contact time.
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Ü Use forceps to place sharp objects into a sharp’s container. Using a dustpan and dust broom, tongs, 
etc., transfer all contaminated materials (paper towels, gloves, labware, etc.) into the biohazard waste 
containers. 

Ü Wipe surrounding surfaces with disinfectant to cover all splash areas. Wipe flat surfaces to remove 
any material that may have splashed out and settled on those surfaces. 

Ü Place all contaminated materials, including protective clothing, into an autoclave bag or biohazard 
waste container. 

Ü Wash hands with soap and warm water.
Ü If a personnel exposure occurred, complete an Illness or injury report form, submit it through work 

connections, and report the incident to EHS Biosafety, if needed.

5. Skin, Mucous Membrane, or Injury Exposure to Etiologic Agents
Any individual who is exposed or potentially exposed should be offered a medical consultation and should 
be advised of the available treatments by the designated medical service provider in your respective 
campus. Potential exposure involving biological materials can occur from any of the following: 

Ü Contact with non-intact skin such as cuts, rashes, or abrasions. 
Ü Contact with mucosal membranes-eyes, nose, and mouth.
Ü Sharps puncturing or cutting the skin.
Ü Any type of exposure that involves a concentrated virus

Notify Occupational Health Services (OHS) for evaluation of the above exposure
In the case of skin contact or injury with a contaminated instrument: 

Ü Make the site bleed.
Ü Thoroughly wash the area with soap and water for 15 min. Do not squeeze the wound to induce 

bleeding. 
Ü Avoid the use of abrasive chemical soaps or disinfectant washes as they can cause skin abrasions and 

a possible additional route of entry for the agent. 
Ü Cover the wound with a sterile dressing. 

For mucous membranes (e.g., eyes, mouth), flush for a minimum of 15 minutes. 

Key points to remember
ä A copy of the laboratory’s protocol for handling spills/exposure should be posted, read, and 

understood by everyone who uses the laboratory.
ä When a spill of biohazardous material occurs clean-up should begin immediately.
ä An effective disinfectant should be used and applied in a manner that minimizes the generation 

of aerosols.
ä All materials that come into contact with the spilled agent should be disinfected and/or 

autoclaved.

References 
1. https://protect.iu.edu/doc/environmental-health/biosafety_manual_program_elements.pdf 
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Post Exposure Procedures
Purpose
The purpose of this SOP is to provide a guide for handling exposure to a potentially infectious material.

Scope
This SOP will be useful for the laboratory personnel to avoid post exposure (splashes or aerosols) in 
the laboratory if an exposure to a potentially infectious material occurs.

Responsibility
Head/ Lab In-charge 

Introduction: 
All processes should be carried out with caution. The risk of post-exposure procedures is more likely 
with aerosols containing RG2/BSL-2 agents. Particularly during worker’s exposure to eye, mouth, other 
mucous membranes, non-intact skin, or parenteral contact with blood or Other Potentially Infectious 
Materials (OPIM), as specified in the standard, is considered an exposure occurrence.

Reporting an Exposure Incident
Ü As exposure occurrences might result in serious illness, they should be reported immediately to the 

employer/ lab In-charge.
Ü When a worker reports an exposure event, the employer can set up a medical assessment for the 

individual right away.
Ü Early reporting is essential for undertaking a quick response to address the worker’s probable illness 

and can also prevent the worker from exposing to others.
Ü The employer is required to conduct a quick analysis of the facts surrounding the exposure event to 

ascertain how to prevent a repeat of the occurrence.

Medical Evaluation and Follow-up
Ü When an individual is exposed, the employer is required to provide a confidential medical assessment 

and follow-up to the worker immediately.
Ü This assessment and follow-up should be made available without charge to the employee and at 

a reasonable time frame and place; carried out through or under the supervision of an authorized 
medical doctor or other certified healthcare professional.

Ü Post-Exposure Prophylaxis (PEP) should be started within 72 hours (3 days) of possible exposure to 
laboratory infectious agents under the supervision of a licensed physician. 

Ü In addition, your laboratory tests must be carried out by an accredited laboratory and may also be free 
of charge for the employee.

Ü A worker involved in post-exposure monitoring and evaluation may consent to blood or other samples 
being drawn to determine the initial infection status. Post-exposure monitoring should include advising 
the worker on the possible effects of exposure and infection. 

Ü Status including the results and interpretation of all tests and also how personal contacts can be 
protected if necessary.

Ü The follow-up must also include evaluation of reported illnesses that may be related to the exposure.
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Written Opinion: The written opinion should only include:
Ü Whether vaccination was recommended for the exposed worker. 
Ü Whether or not the worker received the vaccination.
Ü The healthcare provider notified the worker of the results of the evaluation and any medical conditions 

resulting from exposure. 
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Biomedical Waste Disposal and Housekeeping
Purpose
The purpose of this SOP is to provide guideline for handling, treatment and disposal of waste generated in 
Virology BSL-2 laboratory when dealing with infectious viral agents such as SARS-CoV-2. 

Scope
This SOP will be useful for the laboratory personnel and housekeeping Staff as a guide dealing with 
disposal of bio-medical waste and general waste generated from testing laboratory. 

Responsibility
Head/ Lab In-charge 

Introduction
Biomedical waste (BMW) includes any waste produced during diagnostic testing and research. This 
includes samples from infected patients such as COVID-19 patients (nasopharyngeal and oropharyngeal 
swabs, other biological samples) as well as laboratory reagents and consumables used for diagnostic 
testing (including disposable plastic tips, cryovials, needles, used cotton-swabs, 96 well plates etc.) and 
the various Personal Protective Equipment (viz. coverall suits, face shield, N95 masks, gloves, etc.) used 
by the laboratory. People vulnerable to health risk shown in (Figure 11)

Due to the global pandemic and the virus’s infectious nature, all biomedical waste generated during 
sample collection, processing, diagnostic testing, and research should be appropriately segregated, 
securely stored, transported, and disposed of (Figure 12) as per the guidelines formed by the Central 
Pollution Control Board in New Delhi.

Improper BMW 
management 
may cause 

risk to

General 
Public

Supporting 
Medical Staff

Facility Staff
Environment

Collection & 
Disposal

Laboratory 
Personnel 

Figure 11: People vulnerable to risks of BMW
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Laboratory Waste management includes following steps

 

Waste 
Treatment and 

Disposal  
Waste 

Transportation 
Waste 

Storage 
Waste 

Collection 
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minimization 

Figure: 12 Waste Management Steps

Bio Medical Waste

75-85%   
 Non- infectious 

10-15% 
Infectious 

5-10% 
Hazardous

Figure 13: BMW characterization (WHO)

Categories of Biomedical Waste (according to BMWM Rules 2016)
The various categories of BMW to be segregated in the following color-coded bins:

Colour Type of Container Type of Waste
Treatment / 

Disposal/ option

Non- chlorinated 
plastic bag

Human Anatomical Waste
Animal Anatomical Waste
Soiled Waste
Expired or Discarded Medicine
Chemical Waste
Micro Biotechnological and other Clinical Lab Waste
Chemical liquid Waste
Nasopharyngeal swab sticks
Oropharyngeal swab sticks
Other biological samples
N-95 Mask, Triple layered surgical mask
Disposable PPE
Cotton swabs
Contaminated tissue/paper

Incineration or 
Plasma pyrolysis 
or deep burial

Non- chlorinated 
plastic bag or 
containers

Contaminated waste (Recyclable) tubing,
Bottles
Intravenous tube and sets,
Catheters, Urine bags
Syringes (without needles)
Gloves
Plastic coverall suits
Face shields, Goggles
Plastic Shoe covers
Pipette tips
Viral Transport Media Containers
Eppendorf tubes 
Plastic Cryovials Vacutainers

Autoclave micro-
waving / hydro-
claving and then 
send for recycle
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(Translucent) 
Puncture, leak, 
tamper proof 
containers  

Waste Sharps including metals 
Needles

Auto or Dry heat 
Sterilization fol-
lowed by shred-
ding or mutilation 
or encapsulation 

Cardboard boxes 
with blue colour 
marking 

Glassware Disinfection Auto-
claving microwav-
ing / hydroclaving 
and then send for 
recycle

Waste segregation
Ü Segregation responsibility lies with the laboratory personnel. Collect and segregate waste at the site of 

generation.
Ü Use different kinds of clearly identifiable color-coded waste containers to separately collect sharps, 

infectious and non-hazardous waste.
Ü Strong leak-proof and puncture-proof containers with lids to be used for sharps.
Ü Red for (recyclable) contaminated waste - gloves, syringes, blood collection tubes. 
Ü Yellow for infectious waste — human tissues, blood-soaked cotton.
Ü Puncture proof, leak proof blue containers with biohazard symbol for glass vials ampoules, test tubes, 

slides.
Ü Puncture proof, leak proof containers for sharps including metals e.g., needles, syringes with fixed 

needles, scalpels, blades, discarded and contaminated metal sharps.
Ü Green bin (without biohazard symbol) for food waste.
Ü Blue bin (without biohazard symbol) for general waste (e.g., paper, disposable cups, aluminum foils).

Waste collection and Transportation
Ü Transportation is the responsibility of the housekeeping staff. 
Ü Collection and transportation of waste to be done preferably during non-peak hours of the hospital or 

every shift.
Ü Waste to be collected regularly (on a daily basis) by trained and designated staff. 
Ü Do not over-fill the waste bins and seal them securely.
Ü Plastic bag should only be 1/4th filled and tightly tied and tagged.
Ü Replace the containers for waste immediately with new ones of the same type.
Ü The containers for collection should be strategically located at all points of generation. 
Ü At shift end, garbage from every floor is transported to central waste collection area.

Waste storage
Ü Responsibility lies with the housekeeping and security departments. 
Ü All laboratory waste should not be stored beyond a period of forty-eight hours.
Ü If it becomes necessary to store such waste beyond the stipulated period, appropriate measures to be 

taken to ensure that the waste does not adversely affect human health and the environment and the 
prescribed authority need to be informed, with justification.



CHAPTER 2 : BASIC PRINCIPLES

44  |  Operational Guidelines for BSL-2 Virology Lab

Laboratory Waste Treatment and Disposal 
Ü All contaminated laboratory waste should be autoclaved at waste management store area before 

being handed over to common biomedical waste treatment facility. 
Ü All the wet waste such as liquid waste from RNA isolation or any other liquid waste should be treated 

with detergent and with 1% sodium hypochlorite solution before disposing it in Effluent Treatment 
Plant (ETP). 

Ü All liquid waste would go to ETP for treatment.
Ü General waste which includes non-infectious waste like-paper, plastic cover of kits, consumable, 

remains of food, etc. should be disposed as per Solid Waste Management rules, 2016.

 

Personal Protective Equipment (PPE) for Waste Handler

Order of wearing the PPE 

1. Apron 
2. Mask 
3. Head Cover 
4. Google/Face Shield 
5. Gum boots 
6. Heavy Duty Gloves  

Note: Gumboots for the waste Handlers  

Face shield-during splash of body fluids, chemicals and aerosols 

Note: Use of appropriate PPE mandatory when segregating, packing, transporting, and storing 
BMW
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  Do’s   Don’ts

Prior segregation of waste is a MUST Do not allow the bags/ containers to OVERFILL

Personnel should be VACCINATED The waste bag SHOULD NOT be hanging at the edge

Wear HEAVY DUTY GLOVES  
while handling infectious waste

Do NOT TRANSPORT the waste by dragging the bags

Tie the biohazard bags when FILLED UP TO 
3/4TH LEVEL

DO NOT recap the needles
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CLEAN ANY SPILLS with  
appropriate disinfectant.

DO NOT THROW needles in biohazard  
bags or non-puncture proof containers 

References
1. https://www.pimsmmm.com/BMW_2020/SOP%20-%20Biomedical%20Waste%20Management.pdf 
2. https://www.mpcb.gov.in/waste-management/biomedical-waste 
3. http://mcrohtak.gov.in/SWMRSN/Solid%20Waste%20Managment%20Rule.PDF 
4. https://upocmms.nic.in/UPOCMMS/SPCB_DOCUMENTS/sop/Biomedical%20Waste.pdf 
5. http://www.aiimsjodhpur.edu.in/bmw_report/BMW%20Dinsinfec.%20&%20biosafety%20in%20

COVID%20Testing%20Lab-12112020.pdf 
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Warning and Labels Laboratory Signage
Purpose
The purpose of this SOP is to ensure for proper signage in the laboratory areas and for ensuring that 
guidelines for labelling are followed. Caution signs with an exclamation mark are widely recognized as an 
early warning for any hidden or likely dangers in the area.

Scope 
This SOP will be useful for the laboratory personnel to understand and ensure the correct placement of 
signages, warning and labels inside the laboratory areas.

Responsibility
Head/Lab In-charge 

Introduction  
Signs to be posted at the entrance(s) of each functionally separate lab areas. Warning labels and 
laboratory signages which should be used are given below:

Hazard Warning Placard

Standard Labels: Laboratory spaces will generally be posted with these labels as a measure of minimum 
standard of care.
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Entry label: Every workplace has specific areas that 
deny access to employees that are not authorized to 
enter. Reinforce those security policies and provide 
safety for your facility and workers with bold Authorized 
Personnel Only Signs.

This NO FOOD OR DRINK label will be posted at access 
points to all laboratories where chemical substances 
are used or stored and all laboratories or rooms where 
radioactive materials are used or stored

This EYE PROTECTION REQUIRED label will be posted 
at access points to all laboratories where there is a rea-
sonable probability of exposure to hazardous chemicals, 
potentially-infectious agents or physical hazards which 
could result in injury if eye protection is not used.

This BIOHAZARD label will be posted at access points to 
BL2, BL3 and HBV/HIV research laboratories. The label 
itself may also be used to identify refrigerators, freezers, 
incubators and regulated waste containers where human 
blood or other potentially infectious materials are stored.

This HIGH VOLTAGE label will be posted at access points 
to laboratories containing electrical equipment or cables 
operating at 600 volts or greater
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ELECTRICAL HAZARD label will be posted at access 
points to laboratories containing accessible equipment 
with exposed and unguarded electrical components 
operating at less than 600 volts.

This BIOSAFETY LEVEL 2 label will be posted at access 
points to research laboratories where BSL2 containment 
is used. BSL2 organisms are moderate risk agents that 
cause human disease. BSL-2 agents will be identified by 
name on a blank label immediately following the BSL2 
label.

This TOXIC CHEMICALS label will be posted at access 
points to laboratories or storage rooms containing chem-
ical substances defined by the Department of Transpor-
tation as poisonous, or by the Environmental Protection 
Agency as acutely toxic.

This ULTRAVIOLET LIGHT label will be posted at access 
points to laboratories using non-laser equipment capable 
of producing UV wavelengths between 180 and 400 nm 
at or above.
NOTE: 1. Biological Safety Cabinets with UV lamps will 
not be evaluated as a UV hazard unless work requires 
the lamp be activated when the cabinet is in use, 2. UV 
lasers will be posted with the laser radiation label.

This PROTECTIVE CLOTHING REQUIRED label will be 
posted at access points to all laboratories where there is 
a reasonable probability of exposure to infectious materi-
als or hazardous chemicals. This label will also be posted 
at access points to diagnostic and research laboratories

This CORROSIVE MATERIALS label should have post-
ed at access points to laboratories or storage rooms 
containing chemical substances capable of damaging 
human tissues.
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This FLAMMABLE MATERIALS label will be posted at 
access points to laboratories or storage areas where 
flammable liquid, gas or solid are stored.

This CHEMICAL STORAGE AREA label will be posted at 
access points to chemical stockrooms or storage rooms.

Spillage symbol used in case of infectious agents or 
chemical spillage

For Putting on personal protective equipment (PPE) 
/ Donning

For Putting off personal protective equipment (PPE) 
/ Doffing

Post Do Not Touch Signs at your workplace to avoid any 
injuries
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In-case of emergency eye wash 

Lead personnel to the direction of First Aid Station in 
case of any emergency 

No Animal allowed inside the Laboratory

References 

1. https://research.wayne.edu/oehs/pdf/labsignage.pdf 
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First-Aid Kit
Purpose
The purpose of this SOP is to lay down the procedure to render immediate first aid in an emergency to 
preserve life and assist in recovery. 

Scope
This SOP will be useful for the laboratory personnel to understand the first aid procedure. 

Responsibility
Head/ Lab In-charge 

Introduction 
The first aid procedure is applicable for a casualty for any injury or sudden illness before the arrival of a 
qualified medical expert.

Maintaining the First Aid Box
Ü First Aid kits should be checked at regular intervals to make sure they are fully equipped, and all items 

are usable. 
Ü Used or expired items should be replaced as soon as possible. 
Ü Prescribed drugs should not be stored in the first aid kit.

Procedure 

1. First Aid Management 
Ü Encourage the employees to volunteer for first aid training. 
Ü Arrange first aid training for the employee through approved hospital authorities or medical experts.
Ü Exhibit a list of all such trained personnel indicating their normal workplace at the canteen. 
Ü Provide a first aid kit/ box stocked with essential basic items in each department. Also, stock all the 

essential antidotes at required places and other emergency aids. 
Ü Conduct monthly or as and when required checking of the items kept in first aid box and replace the 

exhausted/ expired items and records the same.

2. Cuts and Wounds 
Ü Try to stop bleeding as the first step. 
Ü Cover wound with clean cloth / sterile gauze and apply direct pressure. 
Ü Raise and support the part if the wound is on a limb and if there is no fracture. 
Ü Place a sterile or clean dressing and padding over the wound. Press down firmly and secure with a 

bandage. Tie bandage firmly enough to control bleeding but not so tight as to cut off circulation.
Ü If bleeding is continuous, do not remove the dressing but apply further dressing or pads on top of the 

original ones and bandage firmly.

3. Burns Injury 
Ü Never use iodine, cotton, oil or greasy ointment. 
Ü Assure the casualty. Place the injured part under running cold water or immerse in cold water for at 
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least 15 minutes. 
Ü Gently remove any rings, watches, belts, shoes or other constricting clothing from the injured area 

before it starts to swell. 
Ü Dress the area with clean, preferably sterile non-fluffy material.
Ü Do not break blisters, remove any loose skin or otherwise interfere with the injured area. 
Ü Do not remove anything that is sticking to a burn. 
Ü For chemical burns flood the affected area with running cold water for at least 15 minutes. 
Ü Gently removes the contaminated clothing while flooding the injured area. Use body shower if available 

in the area for flooding the affected body parts. 

4. Chemicals in Eye
Ü Flush with water immediately for about 15 minutes and allow a large amount of water to pour over the 

affected eye to wash away chemicals till no evidence of chemical remains. 
Ü Use eyewash fountain or eye wash bottle to clean the eyes. 
Ü Cover affected eye with clean bandage and rush the victim to a doctor.

5. Object in Eye 
Ü Foreign particle may be removed by the natural flow of tears or flow of water using eye wash fountain. 
Ü If above fails, turn down the lower lid gently and roll the upper eye lid back for inspection. Remove 

visible particle with the moistened corner of the cloth. 
Ü Do not rub or touch fixed foreign particle on the eyeball. 
Ü Sharp objects imbedded or penetrated in the eyeball should be removed by a doctor. Cover both eyes 

with a light bandage and take the victim to a doctor. 

6. Artificial Respiration 
Ü Don’t wait to call a doctor if a victim stops breathing. Act instantly and blow your breath into the 

victim’s lungs. Let someone else summon the doctor. 
Ü Lay the victim on his back. Remove any foreign matter from the victim’s mouth.
Ü Place one hand over the victim’s neck and lift tilting his head back and down.
Ü Place your open mouth and pinch his nose shut. Exhale into the victim’s mouth vigorously to expand 

his chest. Remove your mouth to let returning air escape. 
Ü Start with four quick breaths, then once every five seconds. If you do not get air exchange, check 

head and jaw positions. Make sure the tongue is not blocking the air passage and try mouth to mouth 
breathing again.
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Basic Supplies

Saline in 100ml 
disposable containers for 
the irrigation of wounds, 
burns, and eyes

Emergency numbers for
reference in the event of a
medical emergency.

Emergency blanket

First aid manual.

Torchlight for 
eye examination

Instant cold pack.

Septic wipes

Thermometer used to 
measure temperature.

Individually-Wrapped 
sterile adhesive dressing 
is used for the 
management of a variety 
of wounds.

Scissors. To cut bandages into 
the right length or casualties’ 
cloth to access the wound.

Crape bandage 5 (cm)

To support joint injuries, 
put pressure on wounds, 
hold the dressing in place.

Crape bandage 10(cm)

To support joint injuries, put 
pressure on wounds, hold 
the dressing in place.

Absorbent Gauze 10
pieces/pkt to use as
padding.

Hypoallergenic tape. To 
hold a dressing in place.

Triangular bandage to
hold the gauze in place
or fold into a bandage or
string.

Safety pins, to hold dressing 

and bandage in place .

Disposable gloves (Pairs)
To prevent infections and
contact with body fluids
preferably hypoallergenic

Eye-shield. To safeguard
and injured injured eye from 
further damage

Eye Pad To protects the
wound from infection or strain.

Resuscitation mask One 
way for performing mouth-to-
mouth breathing during CPR.
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Crape bandage 5 (cm)

To support joint injuries, 
put pressure on wounds, 
hold the dressing in place.

Crape bandage 10(cm)

To support joint injuries, put 
pressure on wounds, hold 
the dressing in place.

Absorbent Gauze 10
pieces/pkt to use as
padding.

Hypoallergenic tape. To 
hold a dressing in place.

Triangular bandage to
hold the gauze in place
or fold into a bandage or
string.

Safety pins, to hold dressing 

and bandage in place .

Disposable gloves (Pairs)
To prevent infections and
contact with body fluids
preferably hypoallergenic

Eye-shield. To safeguard
and injured injured eye from 
further damage

Eye Pad To protects the
wound from infection or strain.

Resuscitation mask One 
way for performing mouth-to-
mouth breathing during CPR.

Key points to remember

ä All workplaces must be equipped with a first aid kit to provide instantaneous help to any 
individual struggling from either a minor or serious illness or injury.

ä The kits for workplaces should conform to legal requirements and should be clearly marked 
and accessible without any difficulty.

ä The first -aid kit should not contain any prescription drugs or substances that are not required 
to be there in a first-aid kit.

ä SOP on first-aid which should be prominently displayed. 

References
1. https://www.pharmaguideline.com/2008/02/sop-for-first-aid.html 
2. http://ompj.org/files/109d39648f3274f2c61006cbbb1e3a5c-Dhanalaxmi.pdf
3. https://www.dcu.ie/sites/default/files/safety/dcu_hso_sop_001_occupational_first_aid_medical_

incident_management.pdf
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CHAPTER 3
BSL-2 LABORATORY

All diagnostic and healthcare laboratories (such as public health, clinical or hospital-based) should 
to be proposed for Biosafety Level 2 or above. Laboratory personnel may be exposed to pathogens in 
higher-risk groups than predicted as no testing or research laboratory has comprehensive control 
over the specimens it receives. The concept of developing such laboratories resides within the principles 
of biosafety and biosecurity. 

Executing countless grades of laboratory containment and 
control methods,
Thorough laboratory design and access restrictions
Professional expertise and training
Use of containment equipment, and safe methods for 
managing infectious materials in a laboratory setting.

Involves ‘securing” or restrictive access to the facilities, 
research materials and information.

Biosafety

Biosecurity

l

l

l

l

Biosafety Levels
The biosafety levels are important because they dictate the type of work or research practices that are 
legitimate to take place in a lab setting. Biosafety levels are a method of determining specific protections for 
the containment of biological agents. Biological safety levels are ranked from 1 to 4 and are selected based 
on the biological agents or organisms on which the research is being conducted. Each level builds on the 
previous level, adding constraints and barriers (Figure 14). These lab levels are determined by the following:

Ü Route of exposure
Ü Risks related to containment
Ü Severity of infection 
Ü Transmissibility
Ü Category of the work conducted
Ü Origin of the microbe
Ü If the biological agent is questionable
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BSL 01 BSL 02 BSL 03 BSL 04

Not known to consistenly 
cause disease in healthy 

adult humans and of  
minimal Potential Hazard 
to facility personnel and 

environment Exp. 
Non-pathogenic 

strain of  E.Coli, routine 
isolated bacteria 
Pseudomonas etc

Moderate potential
hazard to personnel 
and the environment

includes bacteria 
and viruses that cause
only mild disease to 

human or are difficult 
to contact via aerosol in 

a lab setting Exp. influenza, 
HIV, herpes simplex virus, 
Salmonella SARS-CoV2?

Microbes can be either
indigenous or exotic
and they can cause

serious or potentially
lethal disease through

repiratory transmission 
Exp. Mycobacterium 
tuberculosis, Rabies
virus, West Nile virus,
SARS, Ricketts, SARS-

CoV2?

Dangerous and exotic
posing a hight risk of
aerosol transimited

infections caused by
these microbes are
frequently fatal and

without treatment or
vaccine Exp. Ebola, 

Marburg virus, Central
European Encephalities

Virus, SARS-CoV2?

Low Risk High Risk

 Figure 14: Different levels of Biosafety Laboratories
Source: CDC classification of biosafety levels

BSL-2
Covers the laboratories that work with agents associated with human diseases and 
can pose moderate health hazards upon exposure or inhalation.  Personnel working 
in BSL-2 labs are expected to take greater care than BSL-1 to prevent injuries such 
as cuts and other breaches of the skin, as well as ingestion and mucous membrane 
exposures. Access to a BSL-2 lab is far more restrictive than a BSL-1 lab. Outside 
personnel, or those with an increased risk of contamination, are often restricted from 
entering when work is being conducted in the laboratories.

Biological Risk Assessment
Biological risk assessment is identification, estimation of probability of occurrence, and the risk of 
severity of a potential adverse effect on human health or the environment associated with specific use 
of a pathogen or genetically modified organism (GMO). Biological Risk assessment is the backbone of 
laboratory practice.
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Biological Risk Assessment Process

Identify the�
hazards and 

risks

Evaluate 
the�risks

0201 03 04

Biological Risk Assessment

Implement a 
risk�

mitigation plan

Evaluate 
effectiveness 

of controls

Figure 15: Biological Risk Assessment Process

Identify workplace hazards  
Identify the hazards in each step or task at the workplace. A job hazard analysis is an exercise where the 
goal is to discover the following: 

Ü What can go wrong? 
Ü What are the consequences?
Ü How could it arise? 
Ü What are other contributing factors? 
Ü How likely is it that the hazard will occur?
Laboratory personnel need to answers to these questions in a reliable manner to make job hazard 
analysis useful. Explaining a hazard in this manner helps in reducing the risk of hazards. Further, the 
implementation of hazard control methods helps in targeting the most important contributing factors to 
hazards. Components of job Hazard analysis are:  

Ü Where it is happening (environment)
Ü Who or what it is affected (exposure)
Ü What precipitates the hazard (trigger)? 
Ü The outcome of hazard (consequence)
Ü Any other contributing factors

A sample of job hazards analysis form provided in (Annexure 3)
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Evaluate the risks
Multiple risks are involved during laboratory testing and research. The criteria should focus on both, 
the likelihood of undesirable incidents occurring and the consequences of those undesirable incidents 
(Figure 16). The risk valuation should calculate each risk in contrast to a standard set of criteria so that 
the assessed risks can be compared to each other.

Figure 16: 

(Source: Sandia National Laboratory Biosafety and Biosecurity Risk Assessment Technical Guidance Document, 2014.)

Likelihood and Consequences of Risk
The likelihood component of risk factors includes whether or not the incident happens and occurs before 
the actual incident. The consequences of risks include factors that affect the severity of an incident after 
it has occurred e.g., the availability of appropriate personal protective equipment (PPE) can reduce the 
likelihood of exposure but wearing the appropriate PPE correctly can also reduce the consequences of 
the incident.

Ü To evaluate the consequences after an undesirable incident, assess the characteristics of the hazard(s) 
or biological agents, the health and immune status of the laboratory personnel, and the availability of 
vaccines, prophylaxis, or therapies.

•	 Laboratory environment factors:  facility, engineering/safety controls, equipment used, function/
reliability of ventilation systems, existence of administrative controls such as policies and training; 
availability of appropriate PPE; generation of aerosols and use of sharps; amplification of the 
biological agent by culturing, types and complexity of procedures being conducted)

•	 Biological agent factors: Stability in the environment (e.g., ability to produce spores, resistance 
to disinfectants), Potential routes of transmission (direct mucosal contact, inhalation, ingestion, 
injection), Endemicity of biological agent in the local environment and population (e.g., endemic 
or exotic) and host range, Life stage/form of the biological agent (e.g., dimorphic fungi, antigenic 
shift), Communicability

•	 Human factors: Competence, Trainings, and behavioural aspects of PPE

Likelihood of Risk
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•	 Biological agent factors: Virulence factors: adhesion, invasiveness, toxigenesis, production of 
exoenzymes, antigenic variation, resistance to antibiotics, tissue tropism, multiple replication 
sites within-host, ability to elicit auto-antibodies against host), high communicability, severity of 
infection/disease (morbidity/mortality rate), infectious dose

•	 Administrative controls: Availability of vaccines, prophylaxis, therapeutic interventions, and 
emergency response procedures

•	 Host factors: Health and immune status of staff: immunocompetent or immunocompromised, 
pregnancy, pre-existing medical conditions, allergies, age, large susceptible population

•	 Behavioural aspects: Willingness to accept vaccines, adherence to safe work practices and 
proper use of PPE

Consequences of Risk

Prioritize the risks and determine if risks are acceptable 

The laboratory site should determine whether risk is acceptable or unacceptable based on the risk 
assessment. 

Risk
Acceptable

(work can proceed with the 
existing controls)

Unacceptable
(work cannot proceed until 
additional mitigation controls 
are implemented to reduce the 
risk to an acceptable level)

Figure 17

Implement a Risk Mitigation Plan  
The process of putting a strategic plan of managing identified threats and turning opportunities into 
action is called the implementation of the risk management plan. For effective control of hazards, a 
mitigation plan should be implemented which includes:

Resources

Reviewing  
the Plan

Reporting  
on the  

Results

P All the resources available for performing your risk management initiative will be the driving force 
that lets you make decisions on the scope of the implementation process. Resources include: 
people, technologies, methods, assets, time, buildings, and others

P Resource  Acquisition
P Resource  flow
P Resource  coordination 

P It is important to ensure that the plan remains current and efficient. Regular reviews help find out 
if the plan provides feasible and effective risk mitigation activities assigned to individuals who are 
responsible for the success of the implementation process.

P Outcome of the risk management activities is important in decision making as it exhibits how 
efficient plan is for future or if there is a need for any other effective way
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Evaluate Effectiveness of Control Plans
Control plan helps to protect employees from laboratory hazards; avoid injuries, illnesses, and incidents; 
minimizes or eliminates safety and health risk; 

Ü Identify and evaluate options for controlling hazards, using a “hierarchy of controls.”
Ü Include personnel, who have the excellent understanding of the conditions that create hazards and 

take insights for how they can be controlled.
Ü Use a hazard control plan to guide the selection and implementation of controls and implements 

controls according to the plan.
Ü Develop plans with measures to protect workers during emergencies and non-routine activities.
Ü Evaluate the effectiveness of existing controls to determine whether they continue to provide protection, 

or whether different controls may be more effective. Review new technologies for their potential to be 
more protective, more reliable, or less costly. Following are the action items.

Identify control
option

Select  
controls

Develop and 
update a 

hazard control 
plan

Select controls 
to protect 

worker during 
nonroutine

operations and 
emergencies

Implement 
selected 

controls in the 
workplace

Figure 18: Action Items

Elimination

Replace 
the hazard

Change the way
people work

Protect the 
worker with PPE

Substitution Engineering
Control

Administrative
Control

PPE

Most Effective Least Effective 

Figure 19 Hierarchy of controls

Physically eliminate 
the hazard

Isolate people 
in the hazard
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Specimens for which limited information is available
When the information is insufficient to execute an appropriate risk assessment (like the situation of 
outbreaks of unknown disease etiology), a suitable ad hoc guideline may be formed and forwarded by 
national/international competent authorities like MoHFW/WHO on the World Wide Web (such as in 
case of outbreak of SARS-CoV-2) to indicate how specimens should be collected, consigned for 
transportation and at which biosafety level they should be processed. 

Ü In such cases, be vigilant for specimen management.
Ü Standard precautions should always be ensured, and barrier protections must be put on (PPE, gloves, 

gowns, eye protection) at the time of sample collection. 
Ü Basic containment BSL-2 procedures and practice should be the minimum prerequisite for handling 

specimens.
Ü Specimen transportation should be according to national or international rules and guidelines.

Some information may be helpful in determining the biological risk such as:

Ü Information on the geographical origin of the specimen.
Ü Medical data of the patient.
Ü Epidemiological data (morbidity and mortality data, suspected route of trans- mission, other outbreak 

investigation data).

Risk assessment of genetically modified organisms (GMOs)
The risk assessment evaluates the potential risks to humans or the environment evolving from work 
involving genetically modified organisms and to confirm what risk controls are essential. Risk assessment 
when working with GMOs is mainly associated with donor and recipient organisms. The following could 
be the reason for various risks: 

Use of whole 
animals or plants 

for conduct of 
work with GMOs

Hazard from 
alteration of 

existing pathogenic 
traits itself 

Hazards 
associated 

with the 
recipient/host

Hazards 
arising directly  

from the inserted 
gene (donor  

organism)
Risk 

assessment 
of GMOs

Figure 20
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Hazards arising directly 
from the inserted gene 
(donor organism)

Where the product of the inserted gene has known biologically or 
pharmacologically active properties that may give rise to harm, such as
Ü Cytokines
Ü Antibiotic resistance
Ü Virulence factors 
Ü Toxins 
Ü Hormones
Ü Gene expression regulators
Ü Oncogenic gene sequences
Ü Allergens

Hazards associated 
with the recipient / host 
organism 

Ü Host susceptibility
Ü Host pathogenicity (virulence, infectivity, and toxin production)
Ü Modification of the host range
Ü Recipient’s immune status
Ü Consequences of exposure

Hazards arising from 
the alteration of existing 
pathogenic traits

Adverse effects may arise as the result of alteration of existing non-
pathogenic or pathogenic traits, these include the following:
Ü Is there an increase in infectivity or pathogenicity?
Ü Can any disabling mutation within the recipient be controlled as a 

result of the insertion of the foreign gene?
Ü Does the foreign gene encode a pathogenicity determinant from 

another organism?
Ü If the foreign DNA does include a pathogenicity determinant, is it 

foreseeable that this gene could contribute to the pathogenicity of 
the GMO?

Ü Is treatment available?
Ü Will the susceptibility of the GMO to antibiotics or other forms of 

therapy be affected as a consequence of the genetic modification?
Ü Is eradication of the GMO achievable?

Use of whole animals or 
plants to conduct work 
with GMOs 

Principal Investigators/Scientists/ dedicated laboratory staff must 
comply with the limitations, restrictions, regulations, and obligations 
to conduct work with GMOs in host laboratories/institutions/Nations. 
Countries may have national authorities that establish guidelines to 
work with GMOs and may help scientists classify their work at the 
appropriate biosafety level.
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Code of Practice
A code of practice is a listing of the most important laboratory practices and procedures that ensures 
biosafety. Code of practice ensures:

Ü Availability of laboratories’ safety or operations manual that detects well-known and potential hazards. 
Ü It specifies practices and procedures to diminish or eliminate biohazards.
Ü It is a practical guide to developing written documents or standard procedures for biosafety and 

biosecurity. 

Co
de

 o
f P

ra
ct

ic
e

Access

Personal Protection

Procedures

1

2

3

4

Laboratory working 
areas

  The most important concepts of code of practice (Figure 21) 

Access
The international biohazard warning symbol and sign (Figure 22) must be displayed on the entry of the 
rooms where microorganisms of Risk Group 2 or higher risk groups are handled. 

Points to remember for access inside the laboratory:
Ü Only authorized persons should be allowed to enter the laboratory. 
Ü Laboratory doors should always be kept closed. 
Ü Children should not be allowed to enter laboratory working areas. 
Ü Access to animal houses should be specially authorized (if relevant). 
Ü No animals should be admitted other than those involved in the work of the laboratory.



CHAPTER 3 : BSL-2 LABORATORY

68  |  Operational Guidelines for BSL-2 Virology Lab

 

ADMITTANCE TO AUTHORIZED PERSONNEL ONLY 

Biosafety Level: _________________________________ 

Responsible In-Charge: _________________________ 

In case of emergency call: ________________________ 

Daytime phone: __________Home phone: ___________ 

Figure 22: Biohazard warning sign

Personal Protection
Laboratory coveralls, gowns or uniforms must be always worn in the laboratory. Wear appropriate PPE 
when working with infectious agents for personal protection (table 1). Standard BSL-2 PPE comprises of 
a dedicated lab coat, gloves, and eye protection.

Table 1

S.N. Personal Protection for Biosafety Level-2

1 Face Goggles, mask, face shield or other splatter guards are used to protect from anticipated 
splashes or sprays of infectious or other hazardous materials on the face. 

2 Hands Gloves must be worn when working with BSL2 materials or when coming in contact 
with potentially contaminated surfaces or equipment. Wearing two pairs of gloves 
may be appropriate. Gloves are disposed of when contaminated or work with 
infectious materials is completed or when the integrity of the glove is compromised. 
Disposable gloves should not be washed, reused, or used for touching “clean” 
surfaces (keyboards, telephones, etc.), and they should not be worn outside the lab. 
Alternatives to latex gloves shall be available. Hands should be washed immediately 
after the removal of gloves.

3 Clothes Protective laboratory, gowns, coats, smocks, or outfits designated for lab use must 
be worn when working with BSL2 materials. This protective clothing is removed and 
left in the laboratory before leaving for non-laboratory areas (e.g., cafeteria, library, 
administrative offices, etc.). 

All protective clothing is either disposed of in the laboratory or directly put into 
laundry; it should never be taken home by personnel. Reusable clothing should be 
placed in a closed container and subsequently sterilized before laundering. Lab 
coats laundering is coordinated through the house keeping staff.

4 Feet Closed-toe shoes with backs are required. 

(For more detail of personal protection, emergency, exposure protocols see Chapter 1)
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Procedures
Ü Laboratory materials must not be placed in the mouth. Labels must not be licked. 
Ü Pipetting by mouth must be strictly prohibited.
Ü All laboratory procedures must follow standard protocols to minimize splashes, aerosols, and droplets. 
Ü The use of sharp needles and syringes should be limited and must not be applied as alternatives for 

pipetting tools.
Ü All spills, accidents, and overt or potential exposures to infectious materials must be reported to the 

laboratory supervisor. A written record of such accidents should be maintained.
Ü A written process for the clean-up of all spills/exposures must be established and followed. Written 

documents which are supposed to be removed from the laboratory, and store somewhere else, need 
to be protected from contamination while working in the laboratory.

Ü Contaminated liquids must be decontaminated (chemically or physically) before discharge to the 
sanitary sewer. An effluent treatment system may be required, depending on the risk of biological 
agents being handled.

Laboratory working areas
Ü Working areas should be neat, clean, and free of all non-relevant materials. 
Ü Work surfaces must be decontaminated after any spill of potentially dangerous material and at the 

end of the working day. 
Ü All contaminated materials, specimens and cultures must be decontaminated before disposal or 

cleaning for reuse. 
Ü Packing and transportation of species must follow applicable national and/or international regulations 

(for more details see Chapter 2) 
Ü Windows should be fitted with arthropod-proof screens.

BSL-2 design and facilities
Particular attention should be given to conditions that are known to pose safety difficulties in designing 
a BSL-2 lab and assigning certain types of work. These include: 

Formation of aerosols

Overcrowding and too much equipment

Unauthorized entrance

Workflow use of specific samples and reagents

Work with large volumes and/or high 
concentrations of microorganisms
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Key points to remember
Ü Laboratory space should be sufficient area for the safe conduct of work and for cleaning and 

maintenance. 
Ü Acceptable Illumination should be provided to perform all laboratory work. Undesirable reflections and 

brightness may interfere with proper conduction of work. 
Ü Furniture should be durable. Open spaces between cabinets, wardrobes, & equipment should be 

available for appropriate cleaning. 
Ü Work bench should be resistant to chemicals and moderate heat and water. 
Ü Storage area must be sufficient to hold consumables and supplies for immediate use and thus prevent 

chaos near working space. 
Ü Space and facilities should be provided for the safe handling and storage of chemicals, solvents, and 

compressed and liquefied gases. 
Ü Changing room and facilities for storing outer outfits and individual items should be provided out of 

the laboratory working areas. 
Ü Amenities for food area and rest rooms should be separate from working place.
Ü Doors should be self-closing, vision panels with appropriate fire ratings.
Ü An autoclave facility should be available in suitable proximity to the laboratory. 
Ü Safety systems should cover up fire, electrical emergencies, hand washing, emergency shower and 

eyewash facilities.  
Ü First-aid areas readily accessible to all workers should be available 
Ü Mechanical ventilation systems that provide an inward flow of air without recirculation must be there. 

If not, windows should be able to be open and should be fitted with arthropod-proof screens. 
Ü There must not be any cross connections between water sources of laboratory and drinking-water 

supplies. An anti-backflow device should be fitted to safeguard the public water system. 
Ü Reliable and ample electricity supply and emergency light to facilitate safe exit must be ensured. A 

stand-by generator is necessary for the support of essential equipment, such as, biological safety 
cabinets, freezers, PCR machines incubators, etc. 

Ü There should be a reliable and adequate supply of gas. Regular maintenance of the installation is 
mandatory. Biosafety Levels 2 lab designs & for further details see Chapter 1. 

Laboratory Equipment: 
The laboratory in-charge should ensure that appropriate equipment is supplied and are in proper use. 
Equipment should be: 

Ü Aimed to avoid or limit contact between the worker and the infectious material.
Ü Made up of substances that are impermeable to solutions, resistant to corrosion and meet structural 

requirements.
Ü Fabricated to be free of sharp edges, burrs, and unguarded moving parts.
Ü Designed, constructed, and installed to facilitate simple operation and provide ease of maintenance, 

cleaning, decontamination, and certification testing; glassware and other breakable materials should 
be avoided, whenever possible. 

Ü Equipment such as autoclaves and biological safety cabinets must be validated with appropriate 
methods before being taken into use.

Ü A brief about equipment shown below in figure 23, a number of equipment used in BSL-2 laboratory 
given in chapter 6 in details. 
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Pipette & Pipetting aids should be used to avoid mouth pipetting

Biological safety cabinets should be used whenever infectious materials are 
handled

Plastic disposable transfer loops or electric transfer loop incinerators may be 
used inside the biological safety cabinet to reduce aerosol production

Use screw-capped tubes and bottles

Autoclaves or other appropriate means should be used to decontaminate 
infectious materials.

Use Plastic disposable Pasteur pipettes, whenever available, to avoid usage 
of glass.

Figure 23

Note: Infectious material should be handled in a biological safety cabinet as there is an increased risk of 
airborne infection with centrifugation, grinding, blending, vigorous shaking or mixing, sonic disruption, 
opening of containers of infectious materials whose internal pressure may be different from the ambient 
pressure. Such materials may be centrifuged in the open laboratory if sealed centrifuge safety cups are used. 

Health and Medical Surveillance
Laboratory heads are responsible for ensuring that there is adequate surveillance of the health of 
laboratory personnel. The objective of such surveillance is to monitor for occupationally acquired 
diseases (Figure 24).

Health and Medical 
Surveillance

Provision of active or 
passive immunization 
and effective personal 
protective equipment 

and procedures 

Early detection of 
laboratory-acquired 

infections 

Prohibiting highly 
susceptible individuals 
(e.g. pregnant women 

or immunocompromised 
persons) from highly 
hazardous laboratory 

work 

Figure 24
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Guidelines for the surveillance of laboratory staffs working at BSL-2: 
Ü The individual’s medical history should be documented, and a targeted occupational health assessment 

should be performed. 
Ü A pre-employment health check is essential.
Ü Women of childbearing age should be made aware of the risk to an unborn child of occupational 

exposure to certain microorganisms.
Ü The precise steps taken to protect the foetus will vary, depending on the microorganisms to which the 

women may be exposed.
Ü Archives of illness and absence should be kept by the laboratory management.

Training
The training of safety measures should be an integral part of new employees’’ introduction to the 
laboratory.

The laboratory in-charge should guarantee that laboratory personnel will be given appropriate training 
about the potential hazards associated with:

Ü the work involved
Ü the necessary precautions to prevent exposures
Ü the exposure evaluation procedures
Personnel should receive yearly updates or advance training as necessary for procedural or policy 
changes.

Waste Handling 
In all laboratories, decontamination of wastes and their ultimate disposal needs to be monitored 
closely. The overriding principle is that all infectious materials should be decontaminated, autoclaved or 
incinerated. The fundamental questions to be raised before discarding any substances or materials from 
laboratories that deal with potentially infectious materials are: 

Ü Have the items or materials been effectively disinfected or decontaminated by an appropriate 
technique? 

Ü If not, have they been packaged in an appropriate method for current on-site incineration or transport 
to another facility with incineration capacity? 

Ü Does the disposal of the decontaminated objects or materials involve any additional potential hazards, 
biological or otherwise, to those who carry out the immediate disposal procedures or who might come 
into contact with discarded items outside the facility?

Key points:
Ü Autoclave is ideal approach for all decontamination procedures. 
Ü Discarded materials for decontamination and disposal should be placed in designated bins, e.g., 

autoclavable plastic bags, those are colour-coded according to whether the contents are to be 
autoclaved and/or incinerated. 

Ü Other methods may be used only if they remove and/or kill microorganisms.
Ü Waste management steps such as segregation, collection, storage, transportation, treatment, and 

disposal to be followed in according to standard protocols (for further details see Chapter 2). 
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Laboratory Safety Management

Safety
 

Process safety is the prevention and mitigation of unintentional releases of potentially 
dangerous / infectious materials or substances through fucntional laboratory 

Laboratory 
Safety 

Management 

Action item 
tracking 

Hazardous 
waste 

disposal  

Biosafety

Employee 
training Incident risk 

assessment

Worksite  
inspections 

Chemical, 
fire, electrical, 
radiation and 

equipment 
safety

Figure 25: Laboratory Safety Management
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• Identification and understanding potential hazards
• Evaluating consequences, safeguards and risks
• Adding layers of protection (safeguards) to prevent 
   and / or mitigate incidents. 
• Safeguards to protect people, the environment, and 
   property



CHAPTER 3 : BSL-2 LABORATORY

74  |  Operational Guidelines for BSL-2 Virology Lab

Process safety is a team effort!

PROCESS SAFETY
EXPECT THE UNEXPECTED, ACCESS YOUR RISKS PREVENT INCIDENCES.

Figure 26
Source: Process Safety | Chemical Engineering | Michigan Technological University (mtu.edu)

Key points to remember:
Ü Laboratory head/in-charge is accountable to ensure the development and implementation of biosafety 

management plans/ SOPs and a safety or operational lab manual.  
Ü Head should make sure that regular training in laboratory safety is provided. 
Ü Personnel should be made aware of specific biohazards and essentials to read the safety or operations 

manual and follow standard practices and procedures. A copy of the safety or operations manual 
should be available in the laboratory. The laboratory supervisor should ensure that all personnel 
understand these.

Ü Appropriate medical evaluation, surveillance and treatment should be provided for all personnel in 
case of need, and sufficient medical records should be retained.

Ü There should be an arthropod and rodent control program. 
Ü All employees are required to do time to time training for upscaling their skills.
Ü Biosafety is the prevention of large-scale loss of biological integrity, focusing both on the ecosystem 

and human health. 
Ü Essential to maintain high standards of chemical, fire, electrical or radiation accidents in any 

microbiological laboratory (In detail see Chapter 8). Further information regarding biosafety is 
presented in Chapter 7. 
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The resources, facilities, trained manpower, and ties to national and international laboratories are all 
important components that determine the methods adopted in the laboratories to validate or rule out viral 
infections. To provide an accurate virus diagnosis, clinical specimens must be tested in the laboratory 
for the existence of the virus, viral antigens, or specific antibodies. For COVID-19, diagnostic techniques 
in virology are as follows: 

1. Virus culture   
2. Molecular tests  
3. Antigen detection  
4. Serology 

Virus Culture
Virus culture is a scientific procedure that involves placing virus strains in cell lines to determine whether 
they may infect them. This diagnostic approach is gradually diminishing due to its time-consuming, 
laborious, challenging, and costly nature; yet, it is necessary because it is the only procedure capable of 
producing a viable isolate. As a regular diagnostic technique, virus isolation is not advised. 

Virology laboratories must preserve various cell lines for viral culture isolation, such as VeroE6 for SARS-
CoV-2 isolation (Figure 27), HeLa and/or RD cells, L20B for enterovirus isolation, Vero and BHK 21 cell 
lines for herpes simplex virus isolation, MDCK and embryonated eggs for influenza virus isolation, and so 
on. The cytopathic effect is a method of detecting viral growth in cell culture by observing morphological 
changes in the cells (CPE). For the first week of incubation, cell cultures are generally examined 
microscopically to detect CPE every one to two days. 

Figure 27: Representative phase-contrast microscope images of VeroE6 cells + SARS-CoV-2, 24 hours post-infec-
tion. Black arrows indicate some of the visible viral cytopathic effect (rounded, phase bright cells). Scale bar is 10 
µM. Source: (https://www.news-medical.net/news/20200617/Integrin-binding-peptide-ATN-161-Potential-COVID-19 
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Key points to remember:
•	 Viral culture produces further material for study of agent. 
•	 Open system for detection of multiple viral pathogens. 
•	 Recovering viral strain for characterization. 
•	 Virus cultivation should be handled in BSL-3 laboratory with all BSL-3 practices.

Molecular Tests 
Nucleic acid-based molecular detection techniques have transformed virology diagnostics by making 
diagnosis quicker, more sensitive, and more specific. Because nucleic acid-based diagnostic tests identify 
specific nucleic acid sequences, they may be used to detect nearly every virus that infects individuals. 
Polymerase Chain Reaction (PCR), which is a very versatile technique, is a popular example of a nucleic 
acid amplification test. Several variants of the conventional PCR have been developed, but the most 
important variants are as follows: 

Polymerase Chain Reaction (PCR) is a technique for quickly and precisely making many copies of a 
given segment of DNA or gene. Investigators can use the polymerase chain reaction to acquire vast 
amounts of DNA for different studies and processes in molecular biology, forensic analysis, evolutionary 
biology, and medical diagnostics.

A Real-Time Polymerase Chain Reaction (real-time PCR) is a recent version of PCR analysis that has the 
potential to increase the application of PCR analysis for viral infection detection. It tracks the amplification 
of a specific DNA molecule during the PCR (i.e., in real-time), rather than at the end, as in traditional PCR. 

Reverse transcription PCR (RT-PCR) is a modification of traditional PCR in which RNA molecules are 
converted into complementary DNA (cDNA) molecules before being amplified by PCR. The gold standard 
frontline test for COVID-19 diagnosis is real-time RT-PCR. COVID-19 diagnosis is presently carried out in 
India using a variety of open and closed RT-PCR platforms (Open systems RT-PCR machines, TrueNat, 
and CBNAAT).

Comparison of RT- PCR based tests for COVID -19

Parameters Conventional RT- PCR GeneXpert TrueNat

Assay Real time Reverse transcrip-
tase PCR (RT PCR)

Cartridge based Real-time 
RT-PCR test for qualitative 
detection of nucleic acid

Chip based real time RT- 
PCR for Beta Corona Virus 

Technology Manual Completely Automated Semi-Automated 

Sample transport 
medium

Any Viral transport medium 
(VTM)

Any VTM VTM (with lysis buffer) sup-
plied by the manufacturer

Specimen pro-
cessing

Involves extraction of RNA, 
performing RT- PCR 
and manual interpretation

All processes are auto-
mated in a self-contained 
cartridge. 
Samples are directly added 
to the cartridge. No pro-
cessing required.

Is a two-step assay.
The first step is to extract 
RNA in Truenat Autoprep 
cartridge. 
The second step is RT PCR 
using a chip on the Truenat 
machine.
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Test and Target Can be used for screening 
as well as confirmation of 
COVID -19 
Screening test – E gene;  
Confirmation- RdRp gene, N 
gene, ORF gene

It is a Confirmatory test 
for COVID -19
Detects N & E Genes 

It is for Screening as well 
as confirmation test for 
COVID -19
Screening test – E gene;  
Confirmation- RdRp gene.

Time to detection Minimum 4-6 hours per 
batch (lysis, extraction and 
PCR, results interpretation)

45 minutes/ sample. 
4 samples can be run in 
parallel in a Gx 4 machine; 
16 sample run parallel in a 
Gx 16 machine 

1 hour per sample.
One sample is run in Uno 
machine and 2 samples can 
be run in a Duo machine. 
However, only one ex-
traction is possible (in 
one run) in the Auto prep 
machine

COVID-19 testing steps 
1. Sample Receiving
•	 Boxes containing patient Samples should be transported to the sample receiving area/room. 
•	 Personnel should be available to receive the sample boxes and issue signed official receipt.
•	 We should ensure that boxes are having all details without any leakage. 

2. Registration and Data Entry
Boxes containing samples must be identified, and information should be recorded into a “sample receiving 
register” or a dedicated computer. The identity of the person who delivered and received the sample, the 
number of boxes received, the date and time of reception, and the name of the hospital that issued the 
box to the carrier should be carefully recorded. In the event of an emergency sample, comprehensive 
information, including the name and phone number of the responsible doctor, must be recorded, and 
such samples must be processed as soon as possible to avoid any casualties. 

3. Changing Room (PPE) 
Laboratory Personnel handling samples should wear appropriate personal protective equipment (PPE) 
(for detail refer to Chapter 1).

4. Lysis of Samples

Numbering of the samples
•	 The samples should be carefully scrutinised in the biosafety cabinet to ensure that there are no leaks. 
•	 The sample packings should be opened one by one, and the labels should match the name and number 

on the specimen referral form (SRF). 
•	 Any discrepancy should be reported to the HOD/lab-incharge. If the issues are not resolved, samples 

may be placed on hold in the cold chain until the problems are rectified.
•	 Received samples should be labelled with the lab’s unique ID for easy sample monitoring inside a lab, 

using the SRF ID can be troublesome with multiple digits and sections, in this way data is aligned, 
continuous but progressing, and trackable at a look. 

•	 After assigning a unique laboratory ID to each sample, one person should begin labelling each of the 
cryovials with the Unique Lab IDs and keeping them organised serially. 
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•	 Rejected samples should be mentioned in the SRF, along with the reason for rejection (leakage, 
insufficient volume, a mismatch between sample label & SRF, break in the cold chain, etc.).

5. Aliquoting the Samples
•	 Before opening the sample tube, vortex the tube. 
•	 The swabs are carefully squeezed (using a disposable sterilized tweezer) and both are disposed of. 
•	 Use a sterilized disposable plastic pasteur pipette or 1 ml pipette to transfer the appropriate number of 

liquid samples to the cryovials and lysis buffer (to inactivate the virus) already numbered with Unique 
Lab ID. 

•	 For easy follow-up, Lab ID numbered vials may be serially kept in batches of 12 or 24. This is advised 
since the number seems to be ideal for easy and error free handling by personnel in further steps for 
RNA extraction.

 

Figure 28: Aliquoting, Numbering, Lysis of Samples Inside the Biosafety Cabinet

6. RNA Extraction
An appropriate amount of sample can be used for the manual RNA extraction/ automated RNA extraction 
(Depending on the RNA extraction kit availability). Basically, there are three methods guanidinium 
isothiocyanate (GITC), TRIspin, and column-based method steps given in the figure 29 below.

IC
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Figure 29: RNA extraction steps
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7. Master-Mix Preparation  
•	 This is a very critical step that must be done in a completely RNA/DNA-free biosafety hood.
•	 This room should not have had any exposure to biological material that could contaminate the hood 

or devices used.
•	 Master-Mix is prepared exactly as per the recommendation provided along with the RT-PCR kit to be 

used and dispensed into a 96 well plate or strips, depending on the number of samples.

 

 

 

 Figure 30: Pipetting master mix into 96 well plate for RT-PCR run

8. RNA Addition  
•	 Extracted RNA is added to each of the wells exactly as per the protocol inside the biosafety cabinet. 
•	 Personnel should always work in a separate room as pairs at this stage to prevent any errors. 
•	 The positive control should be added into the last well carefully without contaminating other wells. 
•	 The 96 well plate is sealed with an adhesive film or caps if tubes are used. these are closed, centrifuged 

in a plate rotor or a microfuge, and proceeded for the RT-PCR run.

9. PCR RUN and Data Analysis  
•	 The PCR machine should be programmed as per the RT-PCR Kit requirements.
•	 The same template that is used for the RNA addition is labeled into the realtime PCR machine and set 

the program
•	 Carefully recheck all the templates and identify the sample, negative and positive control positions in 

a run before running the PCR machine. 
•	 After the RT-PCR run is completed, the data are analysed based on the genes that are identified, Ct 

values along with appropriate curves, and positive and negatives control after setting the baseline 
threshold in each run.

•	 Ct values are compared with the guidance provided in the respective kits used for the genes assayed.
•	 The Ct values and the slope of the curve are judged for deciding, if the sample is positive, negative, 

Invalid/ inconclusive (Figure 31, 32, 33). An example of setting up the RT-PCR reaction Using Huwel_
Quantiplus Covid -19 RT-PCR Kit on Roche Lighter cycler 96 is given in (Annexure 4)
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Figure 31: RT-PCR positive sample 

               

  

Figure 32: RT-PCR Negative sample
 

Figure 33: Invalid RT-PCR sample
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10. Test Reports/ Data Entry  
•	 The test results should be entered into a dedicated register or in a prepared chart useful for entering 

all the details such as genes (screening or confirmatory), CT values and decision on positive, negative, 
or inconclusive for the routine samples.

•	 Final lists of positive, negative, and indeterminate/inconclusive samples are given to Date Entry 
Operators for accurate entry into the Government/ ICMR portals.

•	 Reporting is done as per the directions from the Department of Health & Family Welfare, Govt of 
Chhattisgarh/ICMR, New Delhi.

 Go to ICMR portal link, Click on: Corona Covid19 India (icmr.gov.in) 

1. Add New Record (Manual entry) 
Enter all the mandatory field such as:

•	 Patient Information: (Patient name, age, gender, mobile number, nationality, state, district, patient 
category, patient occupation, Arogya setu app download status ,etc.)

•	 Clinical information: (Date and time of sample collection and sample received, type of sample, sample 
Id, symptoms, patient hospitalization, Covid vaccine received or not, the testing kit used, Mode of 
Transport used to visit testing facility), 

•	 Result of SARS-CoV2 (COVID-19) for this Sample and Submit: Enter positive, negative, inconclusive, 
and submit the final report.

OR

2. Add record from SRF Portal
(Patient with SRF IDs):

•	 Enter SRF ID 
•	 Click on search 
•	 Patient detail will automatically reflect on portal 
•	 Enter final result of SARS-CoV-2 (COVID19) for this Sample and submit it

3. List/Edit/Follow-up (for Follow-up Patient) 
•	 RT-PCR repeat/follow up samples: (New SRF ID will be provided along with the repeat/ follow up 

samples that are tested)
•	 If the first test is done in the same lab, then the List/Edit/Follow up’ option can be used to fetch the 

patient details for the repeat/followup test.
•	 If the first test is done in some other lab, then the patient details can be retrieved using the ‘Search 

Patient’ option.
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Sample Receiving

Registration/Data Entry

Undone samples stored  
at 2°-8°

Sample Processing

Changing room/PPE Donning

Lysis of sample in  
BSL2 + PPE Doffing

RNA Extraction

Master mix preparation

Template Addition

Positive control Addition

Real time PCR

Data EntyResult

Figure 34: Workflow for COVID-19

Key points to remember:
•	 Real-Time RT-PCR is the gold standard test for symptomatic and asymptomatic patients.
•	 Widley used, high sensitivity and specificity. 
•	 Need infrastructure, qualified personnel  
•	 The main advantage is its accuracy of detection 
•	 Ability to run up to 90 samples in a single run. 
•	 The data of individuals tested by RT-PCR should be entered through the lab performing the RTPCR 

test without failure.

Antigen Detection
In the diagnosis of respiratory infections like SARS-CoV-2, antigen (Ag) testing is routinely utilised. Antigen 
testing is relevant to persons of all ages and includes point-of-care (PoC), laboratory-based self-tests. 
Antigen tests are immunoassays that detect the presence of a viral antigen, indicating the presence 
of a virus. For effective clinical care of infected patients or those with suspected COVID-19, accurate 
interpretation of findings is critical. 
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Advantages 
•	 It detects specific Viral Antigens and indicates current infection
•	 Sensitivity varies depending on the course of infections, but generally moderate-to-high at times of 

peak viral load
•	 Specificity is high 
•	 Most are authorized as a point of care with turnaround time: In 15 ~ 30 minutes
•	 Cost is low compared to another nucleic acid-based test (NAAT) and RT-PCR. 
•	 Easy and convenient testing process 

Antigen detection for COVID-19: What they exactly tell and why it matters is explained in figure 35 given 
below:

 

This is the newest of 
the three testing 
types. This test 
detects antigen and: 
pieces of viruses 
that the immune 
system recognizes. 
A single virus has 
many antigens 

Thi
the
typ
det

i

        Sample Collection  
 A nasal swab collects infected 

cells 

        Detection  
 Chemical fragment the virus and 

then antibodies attached to a 
plate detect these fragments 

What the test tells you 

If you are infected now. 

Why it's helpful 

Provides the same 
information as a 
molecular test in 15 
minutes and can be 
done in a doctor's place. 

Limitations 

A negative result 
doesn't guarantee the 
absence of SARS-
CoV-2 in sample. 
Molecular tests are 
more accurate. 

Figure 35: Antigen detection for COVID-19

A variety of COVID-19 Antigen detection kits are available in market, protocol should be followed as per the 
kit being used. A kit is normally based on rapid chromatographic immunoassay for qualitative detection 
of specific antigens to SARS-CoV-2. 

Each test kit comes with an inbuilt COVID antigen test device, viral extraction tube with viral lysis buffer 
and sterile swab for sample collection. 

Stepwise test procedure is given in the figure below: 
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Figure 36: Rapid Antigen Detection test for COVID-19
(Source: https://rxdx.in/rapid-antigen-test/)

The test can be interpreted as positive or negative after 15-30 minutes of placing the sample. It can 
be identified by appearance of test and control lines, which can be read with a naked eye, requiring no 
specialized equipment (Figure 37).

Maximum duration for interpreting test result is 30 minutes. After that the test strip should be discarded.

Figure 37: Test Result Interpretation by Rapid Antigen Detection test for COVID-19
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Figure 38: Algorithm for COVID -19 test interpretation using rapid antigen point-of-care-test

Key points to remember:
•	 The test kit should be stored between 2° to 30° C.
•	 Positive and negative results should be entered into the ICMR portal on a real time basis after 

performing the antigen test.
•	 Results of samples subjected to RT-PCR should be entered after the RT-PCR results are available.
•	 the antigen test requests to be conducted at the sample collection sites as once the sample is 

collected in the extraction buffer, it is stable only for one hour. (Not clear)

Serology (Antibody test) 
The detection of rapid increases in particular antiviral antibodies to diagnose viral infections is a classic 
technique whose clinical usefulness is restricted by the requirement to compare acute and convalescent 
antibody titres.

 A serological diagnosis is done by the presence of virus-specific IgM antibodies or a significant increase 
in the levels of specific IgG antibodies. COVID-19 antibody testing can help identify people who have been 
infected with the SARS-CoV-2 virus or who have recovered from a COVID-19 infection. It is unclear if the 
presence of antibodies means that a person is immune to COVID-19, or how long that immunity will last.
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The figure below showcases what an antibody test is and how it matters

 

These tests detect 
antibodies, Y-shaped 
molecules made by the 
immune response to 
disable a virus or mark 
it for destruction. 

        Sample Collection  
 A blood draw collects antibody 

produced by immune cells 

        Detection  
 This test measures whether these 

antibodies bind to the novel 
coronavirus 

What the test  
tells you 

If you are infected in the 
past. 

Why it's helpful 

Identifies people who 
may have immunity and 
whose antibodies could 
be used to treat COVID-
19 patients. 

Limitations 

Unclear if antibodies 
provide protections, 
how long immunity 
lasts, or what level and 
kind of antibody 
response is protective. 

Figure 39

Testing procedure: Antibody test is designed only for use with human serum, plasma, or whole blood 
samples for the qualitative detection of SARS-CoV-2 IgM and IgG antibody. Stepwise testing procedure 
is given below:

Figure 40: Testing procedure
Source: http://www-raybiotech.com
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Key points to remember:
•	 This test is for antibodies detection not virus detection 
•	 False report can be detected if amount of SARS-CoV-2 IgM or IgG antibodies is below the detection 

level of the kits.
•	 If the test kit gets wet prior to use or stored improperly, it may lead to incorrect results.
•	 Test must be done under the strict medical supervision 
•	 Gold standard frontline test for diagnosis of COVID-19 is RT-PCR which is aimed to detect early 

infection. Rapid antibody test cannot replace the frontline test.

Note: Different sites of Specimens that need to be collected from the patients having various clinical 
syndrome for laboratory diagnosis are summarized below:

Table:  Specimens Appropriate for Laboratory diagnosis of Various Clinical Syndromes: 

Sr. No. Syndrome Specimen

1. Respiratory 
Upper respiratory tract: Nasal or throat swab; nasopharyngeal  
aspirate; sputum 
Lower respiratory tract: Sputum, BAL, Bronchial washings

2. Enteric Feces

3. Genital Genital swab, urine

4. Eye Conjunctival (and/or corneal) swab

5. Skin Vesicle fluid/swab/scraping; biopsy solid lesion

6. Central nervous system Cerebrospinal fluid; feces (enteroviruses)

7. Generalized Throat swab; feces blood leukocytes

8. Autopsy/biopsy Relevant organ

9. Any Blood for serology*

*Blood is allowed to clot, then serum kept for assay of antibody.

References: 
1. Indian Journal of Medical Research (lww.com)
2. Laboratory testing for 2019 novel coronavirus (2019-nCoV) in suspected human cases (who.int)
3. WHO-2019-nCoV-laboratory-2020.1-eng.pdf
4. Compendium of Instructions for Covid 19 Testing Laboratory Second Edition Volume 1.pdf (mgims.ac.in)
5. NotificationofICMguidelinesforCOVID19testinginprivatelaboratoriesiIndia.pdf (mohfw.gov.in)
6. Augmented-plan-to-fast-track-the-COVID-19-testing-laboratory-scale-up-and-list-of-mentor-

institutes-12.04.2020-28-Pages-English-7.54-MB.pdf (tn.gov.in)
7. Testing_Strategy_v6_04092020.pdf (icmr.gov.in)
8. Microsoft Word - RDT list for website_12.02.2021 (icmr.gov.in)
9. Guidelines for storage of respiratory specimens collected for COVID-19 diagnosis by RT PCR platforms 

in Government laboratories (icmr.gov.in)
10. Advisory_for_Reagents_TestingLabs_v1.pdf (icmr.gov.in)
11. Methodology in diagnostic virology (nih.gov)
12. main.pdf (nih.gov)
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Good Microbiological Techniques (GMT) consists of aseptic techniques that are necessary to prevent 
contamination while working in a laboratory where biological agents are being handled. Improper 
laboratory techniques, human error and mismanagement of equipment are major causes of 
laboratory injuries and work-related infections.

Safe Handling of Specimens in the Laboratory
Inappropriate specimen collection, transport, and handling carry a high risk of infection to the 
personnel involved within the laboratory. See in detail for handling and transportation of specimen 
(Chapter 2)

SPECIMEN TRANSPORT 
Secondary containers should be used to avoid 
accidental leakage and to keep specimen 
containers upright. The secondary containers 
made up of metal or plastic, should be 
autoclavable/ chemical or disinfectant resistant, 
and the seal should preferably have a gasket  

RECEIVING OF SPECIMEN 
Specimens received should be stored at 
designated sample receiving area.  

OPENING PACKAGE 
Specimen having potential health hazards 
should be opened in a Biological Safety Cabinet 
(BSCs) only. 

SPECIMEN BOX 
• Should be made of glass or preferably

plastic.
• Should be robust and should not leak.
• Containers should be correctly labelled to

facilitate identification.
• Specimen referral forms should place in

separate, preferably waterproof envelopes
around the specimen.

• Optimal specimen handling is essential for
the accurate interpretation of results. When
handling specimens, universal safety
precautions should always be employed.

.
• Appropriate protective clothing and

personal protective items should be worn

CHAPTER 5

GOOD MICROBIOLOGICAL 
TECHNIQUES
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Use of Pipettes and Pipetting Aids
Pipette and pipette aids are used to transfer samples, chemical or reagents accurately and precisely. 
Following points need to be noted:

•	 Mouth pipetting must be prohibited.
•	 Pipette tips must be discarded in appropriate disinfectant in an unbreakable container.
•	 Air should never be blown through a liquid containing infectious agents.
•	 Infectious materials should not be mixed by alternate suction and expulsion through a pipette.
•	 Liquids should not be forcefully expelled from pipettes.
•	 A discard container for pipettes should be placed within the biological safety cabinet, not outside it.
•	 Syringes fitted with hypodermic needles must not be used for pipetting.
•	 All pipettes should have cotton plugs to reduce contamination of pipetting devices.
•	 To avoid dispersion of infectious material dropped from a pipette, an absorbent material should be 

placed on the working surface, and this should be disposed of as infectious waste after use.
•	 Contaminated pipettes should be completely submerged in a suitable disinfectant for the appropriate 

length of time.

Preventing Dispersal of Biological Material
The following points need to be considered to prevent dispersal of biological material in the surrounding 
environment:

Use of Biological Safety Cabinets (BSC) 
A BSC is a primary engineering control cabinet used to protect personnel against biohazardous or 
infectious agents and to help maintain quality control of the material being worked with as it filters both 
the inflow and exhaust air. Following aspects should be noted while working in BSCs:
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DO’S WHEN WORKING WITH YOUR BIOLOGICAL SAFETY CABINET 

Figure: 41

 

DONT’S WHEN WORKING WITH YOUR BIOLOGICAL SAFETY CABINET
Figure: 42

DO NOT put waste 
basket outside the 

cabinet
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Avoiding Ingestion of Infectious Materials and Contact with Skin and Eyes  
Large particles and droplets (> 5mm in diameter) released during handling biological materials settle 
down quickly on working planes and on the hands of the worker. Following aspects should be watched 
to avoid such infections: 

Preventing being Injected by Infectious Materials
•	 Unintentional inoculation resulting from injury with broken or damaged glassware can be prevented 

through good practices and procedures.
•	 Glassware should be replaced with plastic ware whenever possible.  
•	 Needle-stick injuries can be reduced by minimum use only when syringes and needles are essential. 

Used needles should never be recapped
•	 Disposable sharps/ needles items should be discarded into puncture-proof/puncture-resistant 

containers fitted with covers.
•	 Plastic pasteur pipettes should be replaced with those made of glass.

Use of Centrifuges  
Centrifuges are used for separation/ purification of nucleic acid, cell organelle, virus, protein, and other 
biological materials. Following aspects should be taken care of:

•	 Should be operated according to the manufacturer’s instructions.
•	 Centrifuge tubes/ vials should be balanced and placed correctly. 
•	 Space between the fluid and the rim of the centrifuge tube should be appropriate according to 

instructions given by the manufacturer. 
•	 Centrifuge tubes and specimen containers should be made of thick-walled glass or preferably of 

plastic and should not leak.
•	 Tubes and specimen containers should always be securely capped (screw-capped if possible) for 

centrifugation.
•	 The containers must be loaded, equilibrated, sealed and opened inside a biological safety cabinet. 
•	 Distilled water or alcohol (propanol, 70%) should be used for balancing empty buckets/spaces. Saline 

or hypochlorite solutions should not be used as they corrode metals.
•	 Sealable centrifuge buckets (safety cups) must be used for microorganisms in risk groups III and IV.
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•	 Angle-head centrifuge rotors should not overload as it might leak. 
•	 Centrifuge rotors and containers should be examined on a daily basis for signs of corrosion and for 

hair-line cracks, for staining and soiling and appropriate clean-up protocols should be followed. 
•	 Buckets, rotors and centrifuge bowls should be disinfected after each work.
•	 After use, buckets should be stored in an inverted position to drain the balancing fluid.
•	 When dealing with the infectious material use centrifuges inside the safety cabinets to prevent 

produced aerosols from dispersing widely. 
•	 Good centrifuge technique and securely covered tube gives satisfactory protection against infectious 

aerosols and dispersed particles.

Use of Homogenizers, Shakers, Blenders and Sonicators
Homogenizers, shakers, blenders, sonicators are important part of laboratories and should be handled 
with all precautions inside a biological safety cabinet. Aerosol generated during the operation of 
homogenizers, shakers and sonicators should not be released to adjacent environment. Points to 
note while working with these instruments are presented below: 

•	 Plastic, Polytetrafluoroethylene (PTFE) vessels are recommended because glass might break, releasing 
infectious material and probably injuring the workers. 

•	 Caps and cups or bottles should be in good condition and free from flaws or distortion. Caps should 
be well-fitting, and gaskets should be in good condition.

•	 Homogenizers, shakers and sonicators should be covered by a strong transparent plastic sheath and 
should be disinfected after usage. 

•	 Domestic homogenizers, blenders should not be used in laboratories as they may seep out or release 
aerosols. 

Tissue Grinders 
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•	 Used to extract DNA, RNA and proteins.
•	 Plastic (PTFE) grinders are safer.
•	 Should be operated and opened in a Biological Safety Cabinet.
•	 Glass grinders should be carried in absorbent material in a gloved hand. 

Usage and Care of Refrigerators and Freezers
Biomedical refrigerators and freezers are used to store up a variety of samples of biological origin such as 
respiratory swab samples, blood, derivatives of blood, biological reagents, vaccines, medicines, laboratory 
chemicals, DNA/RNA samples. Important things to keep in mind are:

•	 Refrigerators, deep-freezers and solid carbon dioxide (dry-ice) boxes should be defrosted and cleaned 
regularly, and any broken items such as ampoules, tubes, etc.  should be removed with the complete 
precautions. 

•	 Face protection and heavy-duty rubber gloves should be worn during cleaning. The inner surfaces of 
the cabinet should be disinfected after cleaning.

•	 All materials stored in refrigerators, etc. should be clearly labelled with the scientific name, date stored 
and the name of the individual who stored them. 

•	 Outdated materials should be autoclaved and discarded carefully.
•	 An inventory must be maintained of all the freezer’s contents.
•	 Flammable solutions must not be stored in a refrigerator unless it is explosion- proof. Notices to this 

effect should be placed on refrigerator doors.

Opening of Ampoules Containing Lyophilized Infectious Materials
•	 All cultures should be regarded as potentially hazardous and should be opened by persons trained in 

microbiological techniques working in facilities with containment requirements appropriate for the 
biosafety level of the cultures. 

•	 Frozen dried ampoules should be opened only inside the biosafety cabinets as inflow of air may 
disperse the biological infectious material in the surrounding.

•	 While working in a biological safety cabinet, wear suitable eye protection and wear gloves. 
•	 Sterilize all empty vials and fragments before disposal. Process of opening of ampoule given in  

figure 43 below:
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Figure 43:  Opening of ampoules containing lyophilized infectious materials

Source: ATCC freeze dried microorganisms instructional guide

Storage of Ampoules Containing Infectious Materials
One of the most important elements of maintaining any collection of reference cultures is confirming the 
genetic stability of the strains within it; working cultures should therefore be no more than five generations 
removed from the original reference culture and need a system for preserving and maintaining reference 
cultures with their original characteristics. 
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Choose ampoules or vials specifically designed to 
withstand cryogenic temperatures

Temperature range for storage: -130-150 °C

Ampoules comprising infectious materials should 
never be submerged in liquid nitrogen as it may get 
cracked easily or imperfectly sealed ampoules may 
break or explode on removal. 

Ampoules should be stored only in the gaseous 
phase above the liquid nitrogen. Otherwise, infectious 
materials should be stored in mechanical deep-frozen 
cabinets or on dry ice. 

Laboratory workers should wear eye and hand protec-
tion when removing ampoules from cold storage.

The outer surfaces of ampoules stored in these ways 
should be disinfected when the ampoules are removed 
from storage.

Figure 44: Reference cultures are freeze-dried in 
glass ampoules and sealed off under vacuum 

(Source: ATCC freeze dried microorganisms instructional guide)

Standard Precautions with Blood and other Body Fluids, Tissues, and Excreta
Standard precautions should be taken to reduce the risk of transmission of microorganisms from 
both recognized and unrecognized sources of infection:

Collection, labelling 
and transportation:

Ü PPE should be worn.
Ü Samples should be collected by trained staff. 
Ü Appropriate sample collection, packing, and transportation method should be fol-

lowed as per protocol with request form. 
Ü Reception staff should not open sample/ specimen boxes. 

Opening specimen 
tubes and sampling 
contents:

Ü Specimen containers must be opened inside a biological safety cabinet following 
appropriate method.

Ü PPE should be worn.

Glasses and Sharps: Ü Plastics should replace glass wherever possible. Only laboratory grade (borosilicate) 
glass should be used, and any article that is chipped or cracked should be discarded.

Ü Hypodermic needles must not be used as pipettes.

Films and smears for 
microscopy:

Ü Fixing and staining of blood, sputum and faecal samples for microscopy do not 
necessarily kill all organisms or viruses on the smears. 

Ü These items should be handled with forceps, stored appropriately, and decontami-
nated and/or autoclaved before disposal.

Automated equip-
ment:

Ü Automated equipment’s such as automated RNA extraction, homogenisers etc 
should be of the closed type to avoid dispersion of droplets and aerosols.

Ü Effluent generate during the operations should be collected in close ended vessels 
for further autoclaving and/or disinfections. 

Ü Equipment should be disinfected at the end of each session, following manufactures’ 
instructions. 

Tissues: Ü Formalin fixatives should be used.
Ü Frozen sectioning should be avoided. When necessary, the cryostat should be 

shielded, and the operator should wear a safety face shield. For decontamination, the 
temperature of the instrument should be raised to at least 20 °C.
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Decontamination: Ü Autoclaving is recommended for almost all decontamination procedures. 
Ü Hypochlorite’s and high-level disinfectants are recommended for decontamination. 

Freshly prepared hypochlorite solutions should contain available chlorine at 1 g/l for 
general use and 5 g/l for blood spillages. Glutaraldehyde may be used for decontami-
nating surfaces (in details see chapter 7).

Precautions with Materials that May Contain Prions
The choice of a biosafety level for procedure with materials associated with prions will vary on the 
nature of the agent and the samples to be studied and should be undertaken in consultation 
with national authorities. 

The additional precautions should be taken, as these agents are not killed by the normal processes of 
laboratory disinfection and sterilization. 

1. The main precaution to be taken is to avoid ingestion of contaminated materials or puncture of skin 
while manipulations. 

2. Application of disposable instruments whenever possible & protective covering for the work surface 
of the biological safety cabinet.

3. The use of dedicated equipment (equipment should not be shared with other laboratories, is highly 
recommended).

4. Disposable laboratory PPE should be worn. 
5. Use of disposable plastic ware, which can be treated and discarded as dry waste, is highly 

recommended.
6. Tissue processors should not be used because of the problems of disinfection. Plastic containers 

and beakers should be used instead.
7. All operations must be conducted in biological safety cabinets.
8. Great protection should be taken to avoid aerosol production, ingestion, and ruptures of the skin.
9. Formalin-fixed tissues, even after prolonged exposure to formalin should be regarded as still 

infectious. 
10. Histological samples containing prions should be significantly inactivated by exposure to 96% formic 

acid for 1 hour. 
11. Bench waste, involving disposable gloves, gowns and aprons, should be autoclaved using a porous 

load steam sterilizer at 134–137 °C for a single cycle of 18 min, or six successive cycles of 3 min 
each, followed by incineration.

12. Non-disposable instruments, including steel mesh gloves, must be collected for decontamination.
13. Infectious liquid waste contaminated with prions should be treated with sodium hypochlorite 

containing available chlorine at 20 g/l (2%) (final concentration) for 1 hour.
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14. Paraformaldehyde vaporization techniques do not diminish prion titres and prions are resistant 
to ultraviolet irradiation. However, the cabinets must continue to be decontaminated by standard 
methods (i.e. formaldehyde gas) to inactivate other agents that may be present.

15. Prion-contaminated biological safety cabinets and other surfaces can be decontaminated with 
sodium hypochlorite containing available chlorine at 20 g/l (2%) for 1 hour.

16. Instruments should be soaked in sodium hypochlorite containing available chlorine at 20 g/l (2%) for 
1 hour and then rinsed well in water before autoclaving.

17. If Instruments cannot be autoclaved, then they can be wiped by repetitive spraying with sodium 
hypochlorite containing available chlorine at 20 g/l (2%) over a period for 1 hour.  Proper washing to 
eliminate residual sodium hypochlorite is necessary.

18. High-Efficiency Particulate Air (HEPA) filters should be incinerated at a minimum temperature of 
1000°C after removal. Recommended extra steps prior to incineration include:
a) Spraying of the exposed face of the filter with appropriate disinfectant  
b) “Bagging” of filters during removal.
c) Removal of the HEPA filter from the working chamber so that the Inaccessible plenum of the 

cabinet is not contaminated.

References:
1. Principles of good Microbiological Practices, OSHA and American Biological Safety Association 

Alliance. https://absa.org/wp-content/uploads/2017/01/PrinciplesGood MicroPracticesFactSheet.pdf
2. WHO Laboratory Biosafety Manual (LBM), WHO, https://www.who.int/publications/i/item/ 

9789240011311
3. BIOSAFETY MANUAL FOR PUBLIC HEALTH LABORATORIES, NCDC, India, https://ncdc.gov.in/

WriteReadData/l892s/File608.pdf
4. The Basic Concept of Microbiology, Nature public health emergency collection, Springer International 

Publishing https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7123386/pdf/978-3-319-64946-7_
Chapter_1.pdf

5. Biosafety in Microbiological and Biomedical Laboratories, CDC, https://www.cdc.gov/labs/pdf/CDC-
BiosafetymicrobiologicalBiomedicalLaboratories-2009-P.pdf

6. National Essential Diagnostics List, Indian Council of Medical Research https://www.nhp.gov.in/
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This chapter describes about the essential as well as desirable instruments needed for BSL-2 laboratories.

Laboratory equipment are an integral part of the virology laboratory and should be provided with adequate 
supplies. The equipment should be designed in such a way that they follow the general principles given 
below:

Ü Designed to prevent or limit exposure of the infectious material to the operator.
Ü Constructed of materials that are impermeable to liquids, resistant to corrosion and meet structural require-

ments. 
Ü Should be free of sharp edges, burrs and unguarded moving parts. 
Ü Designed, constructed and installed to facilitate simple operation and provide for ease of maintenance, clean-

ing, decontamination and certification testing. 
Ü Glassware and other breakable materials should be avoided wherever possible

Biosafety Cabinet Class - II 
P A biosafety cabinet —also called a biological safety cabinet or microbiological 

safety cabinet.

P A most important instrument for laboratory, a ventilated cabinet for personnel, 
product and environmental protection from hazardous particulates. 

P Mainly used for handling pathogenic biological samples or for applications that 
require a sterile work zone.

P Allows only the HEPA filtered (sterile) supply of air to flow over the work sur-
face. 

P Recirculate HEPA filtered air into laboratory environment. 

P These cabinets are further differentiated based on construction, airflow and 
exhaust systems into various types that include A1, A2, B1, B2 and C1.

CHAPTER 6
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PCR machine (Thermocycler)
P Amplify DNA by regulating temperature in cyclical programs 

P The cycler is then programmed so that temperature of the block rises and falls 
at prefixed temperature in a time bound manner. 

P The device has a thermal block with holes where tubes with the PCR reaction 
mixtures can be inserted. 

P PCR cycle has three main steps denaturation, annealing, and extension during 
which DNA fragments are uncoiled attached to primers and duplicate respec-
tively.  

P It is a very sensitive method of detection of pathogenic microorganism, muta-
tions, inherited diseases, malignant transformation, or tissue typing, genetic 
markers for forensic applications, for paternity testing and for the mapping of 
hereditary traits 

P It is thus very essential tool for molecular diagnostics and research.

Automatic RNA/DNA Extractor
P Automated nucleic acid extraction machine which offers extraction/ purifica-

tion of nucleic acid (DNA/RNA) from biological samples. 

P Extracts 24 to 96 samples at a time (30 min to 1 hr.)

P Automated technique offers highly increased efficiency in DNA and RNA puri-
fication by reducing labor, time and contamination caused by human interven-
tion.

Refrigerated Centrifuge
P Used for samples that need a centrifugation at much lower temperature. 

P Centrifugations facilitate separating particles from a solution according to their 
size, shape, density, viscosity of the medium and rotor speed 

P Temperature range is between -20 and -40°C  

P Comes with rotor for 2ml, 10ml and 50ml tubes.

P Lower temperature required for the biological materials & chemicals that are 
extremely temperature sensitive like RNA. 
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Laboratory Refrigerator
P Used in laboratories to store samples, vaccines, extracted nucleic acids, chem-

ical reagents and medicines, at a specific temperature to ensure that they are 
not spoilt. 

P Ideally each laboratory should have separate refrigerators to store contaminat-
ed material like clinical specimen and clean laboratory temperature sensitive 
reagents in other. 

P Different laboratories require different sized laboratory fridges depending on 
their storage needs.

P Should be fitted with standard thermometer and an alarm that sounds if the 
temperature becomes out of range.

P There should be a manual or digital record of the materials stored in each self 
of refrigerator. 

P Secure locks to prevent unauthorized access.

Laboratory Incubator 
P A laboratory incubator is a heated insulated box used to grow and maintain 

microbiological and cell cultures.

P Incubators maintain optimum temperature, humidity, and gaseous content of 
the atmosphere inside. 

P The incubator has a thermostat which maintains a constant temperature by 
creating a thermal gradient. 

P The devices vary in size from table-top units to large systems as big as the size 
of a cupboard. 

P Essential for experimental research work in cell biology, microbiology, and 
molecular biology.

PCR Plate Spinner
P Designed for quick and easy centrifugation of samples in PCR plates/ or micro-

plate.  

P Quickly spins down droplets and ensure condensation. 

P Use before and after thermal cycling to improve PCR yield. 

P Required to evenly mix all the contents in a centrifugal well and thus achieve 
accurate results.
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Autoclaves
P Used to sterilize laboratories equipment, infectious biological waste, and other 

materials. 

P Kills microorganisms (bacteria, viruses, fungus, and their spores) using steam 
to generate pressure and temperature for sterilization.  

P The usual sterilization parameter is temperature of 121°C, under 15lbs pres-
sure for 20 min.

P It should be regularly monitored using chemical or biological indicators. 

P Autoclaves vary in size, shape, and functionality.

Mini Centrifuge
P A small portable centrifuge that virtually fits in the palm of your hand. 

P They are compact, ideal for quick spins affordable, use to centrifuge micro-
tubes, PCR strips or Eppendorf vial while working in a BSC. 

P Simply close the lid and the rotor instantly reaches 6,000-7500 rpm. 

P Essential for diagnostic, virology, molecular and medical research.

P Extremely easy to use.

ELISA Reader
P Designed for detecting antibody or antigens in patients’ serum either qualita-

tively or quantitatively. 

P Microplate readers identify and process biological and chemical data and read 
the optical density in different wells of the microliter plates. 

P Useful for protein and enzyme assays. They are used for HIV detection and 
quantification in diagnostic and research, 

P Offers quick and accurate results, highly sensitive. 

P Simple to perform, easily programmed.

Weighing Balance
P For measuring weight of chemical & reagents accurately and precisely.  

P Available in a wide range of sizes with multiple weighing capacities.

P Should always be kept on evenly levelled surface. 
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Vortex Mixer 
P Used to mix small vials of liquids in a quick oscillating circular motion. 

P Agitate samples and encourage reactions or homogenization with high de-
grees of precision.

P Speed ranges from 300 rpm to 4,200 rpm.

P Requires very little space, power, and skill to operate.

Electric Micro Incinerator
P Designed to sterilize metal inoculating loops and needles without using an 

open flame, eliminating aerosolization of microorganisms.

P Quick disposal of hazardous laboratory waste.

Water Distillation Plant
P Used to purify water using distillation process.  

P There are ranges of water distillation plants which generate high-grade water 
suitable for tissue culture/ molecular grade work and other laboratory testing 
purpose depending upon the requirements.  

P Available in various size, range and types. 

Water Bath
P Laboratory water bath is used to heat samples in the lab at a constant tem-

perature.

P Some applications include maintaining cell lines or heating flammable chemi-
cals that might combust if exposed to open flame. 

P Different types of water baths offer additional functionality such as a circulat-
ing water bath that keep a more uniform temperature or a shaking water bath 
that keeps the samples in motion while they are heated.
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Thermomixer
P Thermomixer is designed for temperature control and mixing of liquids in 

closed tubes and closed plates (such as tubes with safe locks, conical tubes, 
microplates, PCR plates, eppendorf, cryotubes) for the preparation and pro-
cessing of sample. 

P The temperature range may vary from 1°C to 100°C. 

P Mixing frequency 300 – 3000 rpm.

Hot Air Oven
P Laboratory instrument that uses dry heat to sterilize the equipment, glassware, 

grease, powder, oil-based solution etc. 

P Also used to dry slide in diagnostic laboratory and to test products at different 
temperatures for stability in research stability. 

P The operating procedure is simpler than other sterilization methods

P Temperature range from 5°C to 300°C 

P Different sizes and varieties are available

P Weekly monitoring should be done. 

pH Meter
P Electric device used to measure hydrogen-ion activity (acidity or alkalinity) in 

solution. 

P Essential tool for medical and research laboratories 

P It’s important to set accurate pH while working with the biological or chemical 
samples   to acquire precise results 

P Cleaning of probe should be done after each use as per manufacturer instruc-
tions.

Deep Freezer (-20°C & -80°C)
P Required to store clinical samples suspected of having viral etiology, respirato-

ry swabs, bloods, tissue cultures, and other biological samples that can only be 
preserved at a  low temperature range.  

P Used for storage of extracted aliquoted DNA, RNA samples, nucleic acid ex-
traction Kits, PCR, RT-PCR kits, chemicals, antibiotics, vaccines etc.,
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UV Transilluminator
P The key application for visualization of target DNA and protein agarose and 

polyacrylamide gels after electrophoresis or PAGE. 

P Gels can be directly placed on the UV transilluminator; wavelength will vary 
depending on the application. 

P Available in single or dual wavelengths

P Always use a UV-shield to visualize gels.

Ice-making Machine

P Ice makers are used to produce ice from water or “dry ice” from liquid nitrogen.  

P Laboratory ice makers are useful for several types of experiments/ setting up 
reactions in microbiology and PCR. 

P Dry ice is also used to pack biological material that require transportation at 
low temperature. 

Liquid Nitrogen Container 
P Liquid nitrogen is the most commonly used element in cryogenics (chilling and 

freezing applications). 

P Suited for storage and transportation of liquid nitrogen and have a wide range 
of capacities. 

P Only store liquid nitrogen in containers with loose fitting lids (never seal liquid 
nitrogen in a container). 

P  A tightly sealed container will build up pressure as the liquid boils and may 
explode after a short time.

Electronic Thermo Hygrometer
P Measures both humidity of the air and temperature of the air. 

P Thermo hygrometer measures different ranges of humidity and temperature 
depending on the model.
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Laboratory Thermometers
P Laboratory Thermometers is used for measuring temperatures of various 

equipments of the laboratory. 

P Available in different sizes, types, and ranges for the fulfilment of laboratory’s 
needs. 

P Temperature range: - 50 - 400°C.

Pipettes
P Used to transfer a measured volume of liquid, accurately and precisely. 

P Safeguarding sample integrity

P Protecting laboratory personnel

P They are available as single and multi-channel instruments as well as repeat 
dispensing pipette

P Designed to measure on the microliter scale

P Always keep variable micropipette in maximum volume after use eg. A 10-
100ul pipette should fix at 100 ul when not in use.

Micropipette Tips
P A tool to be attached to micropipette so as to  dispense small and precise 

amount of liquid for various laboratories work. 

P Volume range 10ul to 1000ul, 5000ul 

P Available as filtered and non-filtered tips

Pipette Racks
P Pipette racks designed to provide safe and convenient storage for manual and 

electronic pipettes. 

P Useful to retain accuracy and maintain working quality of product. 
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LED Fluorescent Microscope
P To identify structures in fixed and live biological samples 

P Used to image specific features of microbes. 

P Fluorescence microscopy is highly sensitive, specific, reliable, and extensively 
used by scientists to observe the localization of molecules within cells, and of 
cells within tissues, & specific features of small specimens such as microbes. 

Cold Room 
P A type of refrigeration chamber  

P Used for storing temperature-sensitive, fragile items, such as biological sam-
ples, chemicals, reagents & kits, vaccines, antibiotics etc. 

P Essential for laboratories which have a bulk of biological samples and different 
solutions that require proper storage

A virology laboratory necessitates an extensive range of consumables. Most of the reagents and supplies 
given here is generic for diagnostic and basic research purposes. Additional supplies may be required 
depending upon the nature of work being conducted.  

Consumables

Ü Diagnostic kits as per requirements of the laboratory
Ü Micropipette tips (filtered / non-filtered), pipette racks/ boxes 
Ü PCR tubes/Plates/strips with caps or sealing film, PCR tube stands
Ü PCR reagents (Taq polymerase, reverse transcriptase, primers, probes and agarose)
Ü DNA and RNA extraction kits
Ü Glass beakers, Eppendorf tubes, Pasteur pipettes
Ü PPE kits (Aprons, Gloves, Face shields, Eye glasses, head cover etc.)
Ü Tissue culture media, Foetal bovine serum
Ü Fluorescent conjugates
Ü ELISA plates, antibodies and conjugates
Ü Analytical-grade fine chemicals for preparation of buffers
Ü Sterile tissue culture plastic ware (25 cm2 and 75cm2 flasks, 24 and 96 well plates, Petri dishes, 

tissue culture tubes centrifuge tubes and pipettes)
Ü V-bottom polystyrene microtiter plates for hemagglutination
Ü Serum storage cryovials and boxes, 
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Other Basic Needs 
Table/desk Chairs White-board Desktop Computer with internet connection

Printer Scanner UPS with 3KV batteries, half 
an hour back up

Fax machine with telephone lines

Key points to remember:
Equipment is often one of the biggest expenditures in a laboratory so taking adequate care of 
equipment is an added bonus (therefore preventing unnecessary re-purchases). 

Following points needs to be noted 
*Note: details of equipment specifications and sources of laboratory equipment required for virology 
laboratory can be obtained from a range of sources and some are presented as Annexure 5.  

General Cleaning
Wipe the exteriors of each equipment daily and weekly deep clean
Consult the manual or lab manager on any specific cleaning procedures
Consider outsourcing or professional cleaning/ maintenance whenever needed

Calibration
Failure to regularly calibrate equipment can lead to a lack of accuracy. 
Regularly calibrate equipment for ongoing preventative maintenance that will keep your 
lab in optimal condition.

Repairs
Time to time repairs in case of break down or wear and tears

Refurbishment
For faulty equipment, repairing can be invaluable but if your items still work (just not as 
smoothly as before) refurbishment could hold the key. 

Used Lab Equipment and Quality Replacements
There will undoubtedly be times when no matter how well you’ve completed your daily 
cleans, or carried out regular calibration or even repaired and refurbished older items, 
you will need to purchase replacements.
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Biosafety primarily focuses on the safe handling and containment of infectious microorganisms and 
hazardous biological materials” which is aimed to safeguard the laboratory worker, the community and 
the environment from unintended contamination with a biological hazard. In this section, biosafety is 
described in terms of disinfection, sterilization and biomedical waste management. 

Disinfection and Sterilization 
Sterilization and disinfection are the fundamental elements of infection control activities in viral 
diagnostics, research laboratories as well as hospitals. 

CHAPTER 7

BIOSAFETY

Definitions

Sterilization A process that destroys or eliminates all forms of microbial life and is carried out in 
health-care facilities by physical or chemical methods.

Disinfection A process that eliminates many or all pathogenic microorganisms but not necessar-
ily spores.

Decontamination
Renders an item or material safe to handle. The level of microbial contamination is 
reduced enough that it can be reasonably assumed free of risk of infection transmis-
sion. Sterilization, disinfection, and antisepsis are forms of decontamination.

Disinfectant A chemical or mixture of chemicals used to kill microorganisms, but not necessarily 
spores. Disinfectants are usually applied to inanimate surfaces or objects.

Antimicrobial An agent that kills microorganisms or suppresses their growth and multiplication.

Antiseptic  A substance that inhibits the growth and development of microorganisms without 
necessarily killing them. Antiseptics are usually applied to body surfaces.

Sporocide A chemical or mixture of chemicals used to kill microorganisms and spores.
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Cleaning Laboratory Materials 
The medical laboratory is primarily a dangerous work area. Personnel may face a variety of risks working 
in an environment that contains biohazards. Cleaning laboratory materials pertains to removal of visible 
soil (e.g. dirt, organic and inorganic matter) from objects and surfaces. Cleaning includes brushing, 
vacuuming, dry dusting, washing or damp mopping with water containing a soap or detergent. 
Cleaning of laboratories materials should be done as per respective SOPs. It is normally carried out 
manually or mechanically using water with detergents or enzymatic products. 

Chemical Germicides

Chemical germicide

– A chemical or a mixture of chemicals is used to kill micro- organisms.

Uses
Proper use of chemical germicides will contribute to workplace safety while reducing the risk from 
infectious agents. Chemical germicides must be used carefully and for specific needs as there are 
variety of disinfectants that are commercially available. In general, chemical germicides are not required 
for regular cleaning of floors, walls, equipment, and furniture. However, their use may be appropriate 
in certain cases of outbreak control. 

Activity and care to be taken 
The germicidal activity of many chemicals is quicker and better at higher temperatures. (At the same 
time, higher temperatures can accelerate their evaporation and also degrade them. Particular care 
is needed in the use and storage of such chemicals in tropical regions, where their shelf-life may 
be reduced because of high ambient temperatures (See chapter 8 for more details on chemical 
storage). Many germicides can be harmful to humans or the environment. They should be chosen, 
stored, handled, used and disposed of with care, following manufacturers’ ()instructions. For 
personal safety, gloves, aprons and eye protection are recommended when preparing dilutions of 
chemical germicides. Frequently used classes of chemical germicides are depicted in annexure 6 
with their basic information. The germicide recommended concentrations and dilutions of chlorine-
releasing compounds are given in weight/volume (w/v) (Annexure 7). 

Biocide A general term for any agent that kills organisms.

Chemical germi-
cide A chemical or a mixture of chemicals used to kill micro- organisms.
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Local Environmental Decontamination
A combination of liquid and gaseous disinfectants is required for sanitisation/ decontamination of 
the laboratory space, furniture and equipment. Following practices can be done:

 A solution containing 1 g/l 
available chlorine should be 
used for general environmental 
sanitation.

 A stronger solution (5 g/l) 
should be used for high-risk 
situations.

 Can be decontaminated by 
fumigation with formaldehyde 
gas generated by heating 
paraformaldehyde or boiling 
formalin. OR Alternative method 
is fogging with glutaraldehyde

 This is a highly dangerous 
process that requires specially 
trained personnel. 

 3 % hydrogen peroxide (H2O2) 
formulated solution is suitable 
substitutes for bleach solutions.

For surface decontamination a 
solution of Sodium Hypochlorite 

(NaOCl) can be used 
For rooms and equipment For Environmental 

decontamination

Key points to remember for decontamination:
Ü	 All windows, doors, or other openings should be sealed with covering tape before the gas is 

generated. 
Ü	 Decontamination should be performed at an ambient temperature of at least 21°C and a relative 

humidity of 70%.
Ü	 After decontamination the area must be ventilated thoroughly after that only personnel should 

enter. 
Ü	 For ventilation purposes, personnel should wear suitable respirators while entering the room. 

Gaseous ammonium bicarbonate can be used to neutralize the formaldehyde.
Ü	 Specialized equipment can be used to generate vapour for decontamination/fumigation purpose
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Decontamination of Biological Safety Cabinets 
Equipment that independently generates, circulates, and neutralizes formaldehyde gas is available 
commercially in the market to decontaminate biosafety cabinets. (Alternatively, following measures can 
be adhered to:

The appropriate amount of
paraformaldehyde (final
concentration of 0.8%

paraformaldehyde in air) should
be placed in a frying pan on an

electric hot plate

Another frying pan, containing
10% more ammonium

bicarbonate than
paraformaldehyde, on a second
hot plate is also placed inside

the cabinet

The hot plate leads are plugged
in outside the cabinet, so that
operation of the pans can be
controlled from the outside by

plugging and unplugging the hot
plates as necessary.

Heavy gauge plastic sheeting is
taped over the front opening and
exhaust port to make sure that

the gas cannot seep into the room.
 Penetration of the electric leads passing

 through the front closure must also
 be sealed with duct tape.

The plate for the paraformaldehyde 
pan is plugged in. It is unplugged 
when all the paraformaldehyde 

has vaporized

The cabinet is left undisturbed
for at least 6 hour.

The plate for the second pan is
then plugged in and the

ammonium bicarbonate is
allowed to vaporize.

This plate is then unplugged, and
the cabinet blower is switched

on for two intervals of
approximately 2 sec each to

allow the ammonium
bicarbonate gas to circulate.

The cabinet should be left
undisturbed for 30 min before

the front closure (or plastic
sheeting) and the exhaust port

sheeting are removed

The cabinet surfaces should be
wiped down to remove residues

before use.
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Hand washing/hand decontamination

Why?
Thousands of people die every day around the worldwide from infections acquired from pathogens. Hands 
are the most common pathways of germ transmission. Hand hygiene is therefore the most important 
measure to avoid transmission of harmful germs and prevent health care-associated infections.

Who?
Laboratory personnel who are directly or indirectly involved.

How?
Clean your hands by rubbing them with an alcohol-based formulation, as it is the preferred means for 
routine hygienic hand antisepsis if hands are not visibly soiled. It is faster, more effective, and better 
tolerated by your hands than washing with soap and water. Wash your hands with soap and water when 
hands are visibly dirty or visibly soiled with any biohazardous material or after using the toilet. Hands 
should be thoroughly lathered with soap, using friction, for at least 10 sec, rinse in clean water and 
dry using a clean paper or cloth towel.

1 2 3

4 5 6

7 8 9

Apply a palmful of the product in a cupped hand, 
covering all surfaces;

Rub hands palm to palm;

Right palm over left dorsum with
intorlaced figers and vice versa;

Rotational rubbing of left 
thumb clasped in right 
palm and vice versa;

Rotational rubbing, backwards 
andforwards with clasped fingers 
of righthand in left palm and 
vice versa;

Once dry, your hands 
are safe.

Palm to palm fingers interlaced; Backs of fingers to 
opposing palms with 
fingers interlocked;
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Key points to remember for decontamination:
•	 Foot- or elbow-operated faucets are recommended. Where not fitted, a paper/cloth towel should 

be used to turn off the faucet handles to avoid recontamination washed hands.
•	 As mentioned above, alcohol-based hand-rubs may be used to decontaminate lightly soiled hands 

when proper hand washing is not available.
•	 Whenever possible, suitable gloves should be worn when handling biohazardous materials. 

However, this does not replace the need for regular and proper handwashing. 
•	 Hands must be washed after handling biohazardous materials and touching contaminated 

surfaces, and before leaving the laboratory.
•	 In most situations, thorough washing of hands with ordinary soap and water is sufficient to 

decontaminate them, but the use of germicidal soaps is recommended in high-risk situations.

Heat Disinfection and Sterilization 
Amongst the physical agents’ heat is the most common approach applied for the decontamination of 
pathogens in laboratories. 

Hot Air Oven
“Dry” heat sterilization is noncorrosive, and most common method for sterilizing laboratory glass ware 
which can withstand temperatures of 160°C or higher for 1-2 hour in a hot air oven. 

The most common time-temperature relationships for sterilization with hot 
air sterilizers are 

170°C (340°F) for 30 minutes,

160°C (320°F) for 60 minutes, and

150°C (300°F) for 150 minutes or longer depending on up the volume.

A dry heat cabinet is easy to install and has relatively low operating costs. 
Time consuming method because of slow rate of heat penetration and micro-
bial killing.

Autoclaving
•	 Most widely used to sterilize laboratories equipment, infectious biological waste, and other materials.   
•	 The usual sterilization parameter is temperature of 121C, under 15lbs pressure for 20 min.
•	 It should be regularly monitored using chemical or biological indicators.
•	 Sterilized items must be handled and stored in such a way that they remain uncontaminated until 

further use.

Saturated steam under pressure (autoclaving) is the most effective and reli-
able means of sterilizing laboratory materials. For most purposes, the follow-
ing cycles will ensure sterilization of correctly loaded autoclaves:

3 min holding time at 134 °C

10 min holding time at 126 °C

15 min holding time at 121 °C

25 min holding time at 115 °C.
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Incineration
The destruction of contaminated materials, especially biological waste material, by burning. Incineration 
of infectious materials is an alternative to autoclaving only if the incinerator is under laboratory 
control.

It requires an efficient means of temperature control and a secondary burning 
chamber. 

Incinerators, those with a single combustion chamber, are unsatisfactory and 
may not be completely destroyed infectious material and the effluent from the 
chimney may pollute the atmosphere with microorganisms, toxic chemicals 
and smoke.

Double chambered incinerators are ideally satisfactory with the temperature at 
least 800°C in the primary and at least 1000 °C in secondary chambers. 

Materials for incineration, even with prior decontamination, should be trans-
ported to the incinerator in bags, preferably plastic.

Incinerator attendants should receive proper instructions about loading and 
temperature control. It should also be noted that the efficient operation of an 
incinerator depends heavily on the right mix of materials in the waste being 
treated.

Should be environmental friendly and energy-efficient

Biomedical Waste Management
Biomedical waste is potentially hazardous. A small amount of this when mixed with general waste can 
contaminate whole working area or environment and has a potential to start an outbreak. Laboratories 
and medical waste disposal are a matter of several regional, national and international rules and 
regulations, and the most recent versions of such relevant documents must be referred before 
designing and implementing a plan for handling, transportation and disposal of biohazardous 
waste. Process of flow of biomedical waste is as follow:

•	 Waste Generation 
•	 Segregation at point of generation 
•	 Collection 
•	 Pre-treatment, packaging, storage 
•	 Transportation 
•	 Treatment and disposal

Refer to Chapter 2 for further details on biomedical waste management. 
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Reference:
1. Guidelines for Handling, Treatment and Disposal of Waste Generated during Treatment/Diagnosis/ 

Quarantine of COVID-19 Patient, Central Pollution Control Board, Govt. of India, https://cpcb.nic.in/
uploads/Projects/Bio-Medical-Waste/BMW-GUIDELINES-COVID_1.pdf

2. Bio-medical Waste Management Rules 2016, MoEFCC, Govt. of India, https://dhr.gov.in/sites/default/
files/Bio-medical_Waste_Management_Rules_2016.pdf

3. Infection & prevention control, CDC, https://www.cdc.gov/infectioncontrol/pdf/guidelines/
disinfection-guidelines-H.pdf

4. Infection & prevention control MoHFW, https://www.mohfw.gov.in/pdf/National20Guidelines20for20
IPC20in20HCF20-20final28129.pdf

5. Guidelines and protocols for Prevention and Control of Novel Corona Virus (COVID-19), 
Department of Health & Family Welfare Government of Haryana https://cdn.s3waas.gov.in/ 
s305049e90fa4f5039a8cadc6acbb4b2cc/2020/04/2020040511.pdf
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Other risk associated with any clinical laboratory, in addition to biological hazards, include chemical, fire, 
electrical, and radioactive hazards. Chemicals are crucial part of virology laboratories, and the potential 
for harm or injury is substantial if they are mishandled or misused. 

Hazardous Chemicals 
Chemical toxicity should be known among laboratory personnel. All personnel of the laboratory who 
are exposed to hazardous chemicals should have access to remedial procedures. Incorrect laboratory 
venting might result in an explosion and inhaling certain chemicals could be hazardous or very poisonous. 
In many laboratories, consuming chemicals is a major concern owing to contamination on hands, food, 
and drink.

Hazardous material can be grouped into FIVE categories:

Carcinogenic
Ability of chemical to

induce
malignant

tumor

Toxic
Serious biological

effect after inhalation,
ingestion, skin contact with

small amount

Explosive
Reactive and unstable
substances that readly

undergo violent chemical
change

Corrosive
Cause visible

distruction or irriversible
reaction onto human skin

on contact

Ignitable
Any chemical that burn and
induces both combustable

and inflamable liquids

CHAPTER 8
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Routes of Exposure to 
Chemicals 
While handling and storage, there is 
an increased risk of exposure and 
associated hazards. Exposure may 
occur as highlighted in the adjacent 
figure:

Storage of Chemicals 
The following important points are necessary to keep in mind while storing laboratory chemicals:

 

Store the minimum stock levels of hazardous materials that is 
reasonable for the level of usage in the lab. Minimise Quantities

It is essential to segregate incompatible substances.Compatibility

Name of substance with date received, Hazard category (e.g. 
corrosive, flammable, oxidising, toxic).Labelling

Store volatile toxics and odoriferous chemicals in ventilated 
cabinets, Items in cabinets should be stored on trays, whether the 
trays be integral or additional.

Cabinets

Shelving provided for storing hazardous substances.Shelving

Made of either metal or wood with a minimum fire resistance of a half 
hour (some are to one-and-a-half-hour standard) BS 476.

Flammable Solvent 
Cabinets 

Modern versions are made of acid resistant materials.Acid Cabinets

Chemicals should not be stored in alphabetical order.Order 

Seal containers tightly to prevent the escape of vapoursSealing

NOTE: Keep chemicals in designated refrigerators. Label these refrigerators CHEMICAL STORAGE ONLY - NO 
FOOD. Never store flammable substances in a refrigerator unless it is explicitly built and certified for such 
storage. For storing flammables, exclusively use explosion-proof (spark-free) refrigerators.
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1. AVOID doing the following 
Ü	Storing big, heavy containers or liquids on high slopes or above cabinets. Instead, store these at 

shoulder level or below.
Ü	Storing chemicals in fume hoods. 
Ü	Storing anything on top of cabinets. 
Ü	Storing chemicals near heat sources or in direct sunlight.
Ü	Using benchtops for storage area. These workstations should contain only chemicals currently in use.
Ü	Storing chemicals for a longer time. 
Ü	Storing all expired, hardened, evaporated, or degraded materials.

2. General Rules regarding Chemical Incompatibilities
It is essential to segregate incompatible substances. The improper storage or mixing of chemicals 
can result in an explosion or serious incidence. General rules for chemical storage is given in Table 1, 
Incompatibility table for common laboratory chemicals is presented in Annexure 8. Make sure to put up 
a chemical compatibility chart for reference, both in the labs and next to the chemical storage rooms. 

Table 1: General rules for chemical incompatibilities

SUBSTANCE CATEGORY INCOMPATIBLE SUBSTANCES

Alkali metals, e.g., sodium, potassium, and lithium Carbon dioxide, chlorinated hydrocarbons, water caesium 

Halogens Ammonia, acetylene, hydrocarbons

Acetic acid, hydrogen sulphide, aniline hydrocarbons, 
sulfuric acid

Oxidizing agents, e.g., chromic acid, nitric acid, peroxides, 
permanganates

3. Toxic Effect of Chemicals
Ü	Several laboratory chemicals are known to have toxic effects on the respiratory system, blood, lungs, 

liver, kidneys, and the gastrointestinal system, as well as other organs and tissues that may be 
adversely affected or seriously damaged. 

Ü	Solvent vapours are toxic when inhaled. 
Ü	Certain chemicals are known to be carcinogenic or teratogenic.
Ü	Prolonged or repeated exposure to the liquid phase of many organic solvents can result in skin damage. 

4. Explosive Chemicals
Ü	Personnel should be vigilant of time-sensitive chemicals such as ethers, which can create extremely 

explosive peroxides when opened and exposed to air.
Ü	Azides, which are commonly used in antibacterial treatments, should not come in contact with copper 

or lead since they can be explosive.
Ü	Perchloric acid, if allowed to dry on wood, masonry, or cloth, will explode and ignite on impact.
Ü	This requires a frequent review of what is stored and the disposal of excess or undesirable substances.
Ü	Pay close attention to expiry dates, and the date a bottle was first opened should be clearly displayed 

on the label.
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5. Chemical Spills 
Manufacturers of laboratory chemicals provide charts that detail how to handle spillage. Spillage charts 
and spillage kits are also available commercially. Appropriate charts should be prominently displayed in 
the laboratory.

The following equipment should be provided:
Ü	Chemical spill kits
Ü	Protective clothing, e.g. heavy-duty rubber gloves, overshoes or rubber boots, respirators
Ü	Scoops and dustpans
Ü	Forceps for picking up broken glass
Ü	Mops, cloths and paper towels
Ü	Buckets
Ü	Soda ash (sodium carbonate, Na2CO3) for neutralizing acids and corrosive chemicals
Ü	Sand (to cover alkali spills)
Ü	Non-flammable detergent

6. Action to be taken in the event of a heavy chemical spill 
Ü	Inform the lab In-charge.
Ü	Evacuate area except for concern staff.
Ü	Secure the chemical spill kit and necessary items. 
Ü	In case of flammable chemicals, extinguish all open flames, open all windows (if possible), and switch 

off electrical gear that may ignite.
Ü	Establish exhaust ventilation if it is secure to do so.
Ü	Do not breathe the vapor generated from spill chemicals.

7.  Compressed and Liquefied Gases
Ü	Gas cylinders or containers should be firmly placed (e.g., chained) to the wall or on a solid bench so 

that they are not accidentally displaced. 
Ü	These cylinders/ containers should be transported with their caps and proper sealing on a trolly and 

stored in the separate appropriate area. 
Ü	The main high-pressure valve should be turned off when the equipment is not in use and when the 

room is vacant. 
Ü	Such zones should be recognized by warning signs on entrances.

7. Other Laboratory Hazards 
Laboratory personnel may confront hazards triggered by forms of energy including fire, elec-
tricity, radiation, and noise.

 7.1 FIRE: Typically, all laboratories have potential risk for fires, mainly if solvents are used and stored 
in the lab. Common causes of fires are following:

Ü	Open flames
Ü	Deteriorated gas tubing
Ü	Improper or inadequate ventilation.
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Ü	Electrical circuit overloading
Ü	Poor electrical maintenance 
Ü	Equipment unnecessarily left switched on
Ü	Improper handling and storage of flammable or explosive materials
Ü	Inappropriate segregation of incompatible chemicals
Ü	Igniting equipment near flammable substances and vapors

Firefighting equipment, such as fire extinguishers, hoses, and sand buckets, should be kept close to 
entrances and corridors. The shelf-life of fire extinguishers should be routinely evaluated and inspected. 
On the event of a fire, laboratory workers must be trained in using firefighting equipment.

Each room, corridor, and entry should have fire warnings, instructions, and evacuation routes prominently 
displayed. It’s essential to consider the impact of fire on the spread of infectious materials. This may help 
to establish whether the fire should be put out or controlled. The appropriate usage of various types of 
fire extinguishers should be known by all employees (Table 1). 

FIRE EXTINGUISHER CHART
TYPE COLOUR WHERE USED COMMENTS

WATER All red Fire Class A
• Wood 
• Paper
• Textiles 
• Rubbish etc.

Dangerous when used on 
electrical flammable liquid 
and cooking oil/fat fires

FOAM Red Body, blue band Fire Class A - B
• Wood 
• Paper
• Textiles 
• Rubbish etc.
• Flammable Liquids

Dangerous if used on 
electrical fires

WET CHEMICAL Red Body, cream band Fire Class A - F
• Wood 
• Paper
• Textiles 
• Rubbish etc.
• Cooking Oils and Fats

Dangerous if used on 
electrical fires

Protect eyes as this is 
highly corrosive

CARBON DIOXIDE
 

Red Body, black band Fire Class A - B – (E) - F
• Wood 
• Paper
• Textiles 
• Rubbish etc.
• Flammable Liquids
• Cooking Oils and Fats
• Live Electrical Equipment

Not generally suited for 
outdoor use.

Small contained fires only
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DRY CHEMICAL
 
 

Red Body, white band Fire Class A – B - (E)
Powder Extinguisher Type 1
Wood 
Paper
Textiles 
Rubbish etc.
Flammable Liquids
Live Electrical Equipment

Cars
Boats 
Caravans 

Red Body, white band Fire Class B – (E) and can 
be used on F class fires
Powder Extinguisher Type 2
Flammable Liquids
Cooking Oils and Fats
Live Electrical Equipment

Kitchen
General Household

Table 1: Types of Fire Extinguisher and Their Uses

REGISTER OF FIRE EXTINGUISHER
F-1 Record of fire extinguishers installed in premises its inspection, maintenance and operational history 
shall be maintained as per the format below:
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NOTES
1.  In remark column fill details of date of operation as per annual maintenance date, date of rejection and 

disposal with details of observations and date of calibration of safety valves and pressure gauges in case of 
high-capacity extinguishers 

2.  Each extinguisher should be allotted one full page and the particulars of a permanent nature like SI No., Type, 
Capacity, Year of Manufacture, Make and Location can be transferred to the top portion of the Register. 

 7.2 Electrical hazards: Electricity can create hazards in laboratory (Figure 3).  All electrical installations 
and equipment should be inspected and evaluated regularly at-least once in every 12 months, 
including earthing/grounding systems.

Ü	In laboratory electrical circuits, appropriate circuit breakers and earth-fault interrupters should 
be fitted. 

Ü	Circuit breakers prevent the wire from being overloaded with electrical current, therefore 
averting fires.

Ü	Earth-fault interrupters are designed to keep humans safe from electric shock.
Ü	Electrical equipment should be earthed/grounded, ideally with three-prong connectors. 
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Figure 3: Electrical Hazards

 7.3 Noise hazard: Excessive noise has an adverse impact on human health over time. Some 
laboratory equipment such as centrifuges, vacuum pumps, wet vacuum systems, sonicators, 
and high-pressure air cleaners, can expose employees to considerable noise. Noise exposure 
may lead following stress related symptoms:

Ü	Depression 
Ü	Irritability 
Ü	Decreased concentration 
Ü	Reduce efficiency and productivity 
Ü Hearing loss 
Ü	Error in laboratory work 

To reduce noise, put up some barriers around the noisy instrument. If the noise level cannot be lowered 
for whatever reason, hearing protection should be worn while working in hazardous noise, and a medical 
monitoring program to evaluate the impact of noise on employees should be implemented. To assess the 
noise danger, noise measurement studies might be carried out. Signs should be placed in these places 
to alert people of their presence. 

 7.4 Ionizing radiation: Lethal effects of ionizing radiation can be limit through:

Ü	Controlled use of radioisotopes and should comply with relevant national standards. 
Ü	By minimizing the period of radiation exposure.
Ü	Maximizing the distance from the radiation source.
Ü	Shielding the radiation source.
Ü	Substituting the use of radionuclides with non-radiometric techniques.
Ü	Remove radioactive waste frequently from the working area.
Ü	Use radiation hazard symbol in case of spillage.
Ü	In case of emergencies, assist injured persons first and clean the contaminated areas 

thoroughly.
Ü	Maintain precise records of usage and disposal of radioactive materials. 
Ü	Write incidence of radiation hazard and maintain all records 
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Note: To maintain an effective and organized operating system in the laboratory, follow the simple rules 
outlined above. Spend some time each day travelling through the laboratory to avoid any significant 
mishaps involving chemical storage, fire, electricity, or ionization. 

Reference:
1. Laboratory biosafety manual, 4th edition, Biosafety Manual, WHO https://www.who.int/publications/i/

item/9789240011311
2. Laboratory Safety manual, Institute of Advanced Study in Science and Technology (IASST). Govt. of 

India
3. https://iasst.gov.in/wp-content/uploads/2021/04/Labsafety_Manual_IASST_DS2.pdf
4. https://safety.ep.wisc.edu/hazards/laboratory-fire-safety
5. https://www.ehss.vt.edu/programs/FLS_fire_prevent.php
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The concept and practice of ‘Quality’ in advanced virology laboratory is crucial for producing results in a 
reliable and efficient manner.  Quality does not just happen on its own.

A system should be comprehensive and must cover all viewpoints starting from the judgment to 
collecting the specimen and to interpretation of the final findings. Errors or any break in the chain can 
result in the generation of a faulty report.

In view of the pandemic COVID-19 virology laboratories are moving rapidly towards global appreciation 
and higher standards and this progress is improving a new signal of concepts and systems to enhance 
quality systems of lab which directly improve patient care. A quality system involves few key components:

Quality Systems

Organizational 
management 

structure 

Quality 
standards Documentation 

Inventory 
management 

HR Training Monitoring 
and 

Evaluation 

CHAPTER 9

QUALITY SYSTEMS 
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There is a need for complete understanding and proper implementation of a quality system which can 
be a daunting task.  It is important to respond to this challenge of maintaining a quality system which 
can go a long way in yielding bountiful rewards through increased testing reliability, record management, 
safety and efficiency. 

Organizational Management Structure
This is a system that outlines how certain activities are directed to achieve the goals.  These activities 
include different rules, roles, and responsibilities, key components of a laboratory structure in an 
organization are given in the figure below. The organizational management structure also determines 
how information flows between levels within the institute as well as in a division. 

Finance & 
Management 

Human 
Resources 

Laboratory 
Management 

1

2

34

5

Quality 
Assurance

IT/Data 
Records

HOD/
Principal Authority

Quality Standards
Clinical laboratories need to adopt Total Quality Management (TQM) as a framework and a way to 
operate integration, to ensure consistency, increase in efficiency and a continuous drive for improvement. 
Consistency in the production of good results requires an overall program that includes quality assurance, 
quality control, and quality assessment.

QC refers to the 
procedures that 
must be included 
during each assay to 
verify that the test is 
working properly.

QA is defined as the 
overall program that 
ensures that the final 
results reported by 
the laboratory are 
correct.

Quality assessment 
(also known as 
proficiency testing) is 
a means to determine 
the quality of the 
results generated by 
the laboratory. 

Quality Control Quality Assurance Quality Assessment

Outcomes in each laboratory are completely dependent on the analytical procedures employed before, 
during, and after each examination. Quality assessment is usually an external evaluation of the laboratory’s 



CHAPTER 9 : QUALITY SYSTEMS 

|  143Operational Guidelines for BSL-2 Virology Lab

performance (inter-laboratory testing comparability). Internal quality assessment programs can also be 
instituted for laboratories. 

Documentation

A key part of implementing a Quality Management System (QMS) is based on developing the documentation 
and a system for record. There is a need to make sure the laboratory creates a system for documentation, 
as this will define the way the QMS is maintained and improved. The documentation system should 
also specify how documents and records must be created, published, withdrawn, and used. Establishing 
a good laboratory system and data records requires lot of documentation, including aspects such as 
quality policy, quality manual, procedures, work instructions, guidelines/Standard Operating Procedures 
(SOPs), records, and forms. Each document and record type has its own role in the QMS, and its place in 
the documentation hierarchy. The figure below illustrates the same.

Often, when laboratory personnel need to start writing their own document, they become confused about 
what order the documents should go in, and which is more important than the others. The best way to 
figure this out is to create a detailed SOP which defines  who writes a document, who they write it for, and 
for what purpose.

(Source IATF 16949:2016 documentation) 

Routine laboratory procedures must be documented in the form of Standard Operating Procedures 
(SOPs). SOPs/ manuals/ protocols and must be reviewed regularly and modified if needed and should 
be signed and dated by HOD/Director. SOPs must be reviewed regularly and modified, if necessary. The 
modified versions should be signed and dated by the laboratory HOD/director. The recent version of 
SOPs should be available directly at the workplace. The records must be stored for long periods of time 
but be available for prompt retrieval and safe archiving of all records must be ensured. Archiving of the 
source documents and other essential documents must be such that data is kept in an integer state and 
can neither be lost nor altered to achieve this goal. 

Records of usage, maintenance and calibration should be kept in the laboratory and should be routinely 
monitored. Reports of the tests should be released only after proper scrutiny and documentation of the 
scrutiny with the signature and date by the lab-supervisor.
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Key points to remember that documentation is required for:
•	 To give a clear overview of the laboratory’s operations
•	 To provide a better understanding of the QMS
•	 To promote consistency in procedures
•	 To show proof of achieving goals and objectives

Inventory Management
Inventory management is a tedious but very important task in every laboratory, that is often overlooked or 
neglected. Managing lab inventory effectively can be significant in reducing substantial expenditures and 
saving time. It is important to note of everything held in stock. A digital inventory will ensure updation of 
records and enable retrieving data easily (for example ICMR digital portal for COVID-19 related entries 
(Covid-IMS (icmr.org.in). For ease of use it is also important to keep a hard copy on hand which is 
accessible to authorised personnel as well. Following points should be keep in mind for effective lab 
inventory management. 

Evaluate 
Existing Stock

Identify the following to evaluate stock:
P Products used on a daily basis.
P Products which are surplus to requirements.
P Areas which lack relevant products.
P Any products in the inventory which are out of date.

Daily Use 
Products

P Make a list of products for regular use and  the ones that may need 
to be restocked more frequently.

P Keep a note of the ideal stock volume for daily use items and decide 
on a threshold for re-ordering. Remember to look at annual records 
and consider any seasonal fluctuations in stock requirements.

P

Surplus Stock

P Extra stock might not seem like a big problem, but every inch that’s 
not holding relevant stock is actually costing more money.

P Poor use of storage space could mean taking on a larger premise 
than needed. Surplus stock represents an investment that hasn’t 
translated into profit and has also hampered  cash flow.

P Make sure the premises are only holding the stock that is needed.

P

Additional 
Stock

P Look for gaps in the inventory. Waiting for new orders to arrive can 
stall projects causing productivity to plummet.

P Plan ahead and evaluate the requirements of every upcoming 
project. Make a list of materials to be ordered per project and stock 
up in advance.
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P

Your  
Re-ordering 
System

P Implementing an efficient stock management system will ensure 
that one never runs out of the essentials.

P Design an ordering system around regular requirements to minimise 
order frequency and shipping costs.

P

Create a 
Database

P A functional database should include details of: current stock, 
product locations, reordering threshold, relevant suppliers, reordering 
schedule, useful facilities.

P A function for staff to record product requests.
P A date and time record of received deliveries.
P Most importantly, the database should be easy for staff to use. An 

efficient ordering system can speed up the processing of purchase 
orders and delivery paperwork to ensure that inventory records are 
consistently up to date.

P

Organise Your 
Inventory

P Whether one has a designated warehouse or use of integrated 
laboratory storage, a well-organised inventory will help in optimising 
the space and making the most of the budget.

P

Set-Up

P To organise inventory for ease of access, group products by 
frequency of use or product type. Arranging products by expiration 
date is a useful technique to optimise the compatibility of physical 
inventory and ordering system.

P

Product 
Identifiers

P Allocate a label or code to each shelf or storage area that will correlate 
with the ordering system and database.

P Colour coding can speed up the process in a large warehouse as 
products or categories can be easily identified at a glance.

P Barcode systems may not be cost effective for everyone, but they 
can be useful for large facilities to maintain an accurate inventory. 
Each time an item of stock is removed from or added to its 
physical location, this is scanned and the digital database updated 
automatically.

P Including a basic map of storage plan is a practical way to speed up 
stock retrieval and allow for efficient troubleshooting in the case of a 
stocking issue.
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P

Negotiate the 
Best Price 

P The stock ordering system should alert you when stock reaches 
a certain threshold. the daily, monthly and annual product usage 
estimates will provide a good starting point for negotiating with 
suppliers.

P Many suppliers offer a discount for buying in bulk or setting up a 
repeat order.

Training
Relevant training programmes are required for laboratory staffs for their welfare and increasing overall 
lab productivity. Most of these trainings are conducted face-to-face and rely on unwritten practices and 
institutional knowledge that is not always physically documented.

Monitoring and Evaluation:  
Objective of monitoring and evaluation is to improve performance and maintain high quality laboratory 
standards. Monitoring and evaluation of laboratory quality system can be measured either through an 
onsite inspection (audit) or by sending known but undisclosed material to the laboratories for testing 
(quality assessment scheme). The latter can be performed within an institute by internal staff (internal 
quality assessment scheme – IQAS) or through an external agency (external quality assessment scheme 
– EQAS). Monitoring allows results, processes and experiences to be documented and used as a basis to 
steer decision-making and learning processes.

Reference: 
1. https://covid-19.moh.gov.my/garis-panduan/garis-panduan kkm/Annex_4e_SOP_RTPCR_testing_

laboratory_.pdf 
2. https://advisera.com/16949academy/knowledgebase/how-to-structure-iatf-16949-2016-

documentation/ 
3. Quality standards, IJMM https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7917444/pdf/main.pdf
4. Documentation & monitoring evaluation, IJMM, https://pubmed.ncbi.nlm.nih.gov/17185843/
5. Biosafety In the Laboratory: Prudent Practices for the Handling and Disposal of Infectious Materials., 

NATIONAL ACADEMY PRESS, USA, https://www.ncbi.nlm.nih.gov/books/NBK218637/
6. Monitoring, evaluation and review, WHO, 1085_IER_131011_web.pdf (who.int)
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v

List of equipment for establishment of Virology Laboratory

S. N. Description of Equipment

1. Biosafety cabinet Class II A2 with UPS

2. One incubator and two CO2 incubators (one for uninfected cell cultures and the other for infected 
cell cultures)

3. Deep Freezer (-80 Deg C)

4. Deep Freezer (-20 Deg C)

5. Inverted light microscope

6. Fluorescent microscope with photography attachments

7. Filtration apparatus for preparation of tissue/cell culture media

8. Refrigerate centrifuge

9. Mini centrifuge

10. Microplate centrifuge /PCR plate spinner

11. Water bath

12. pH meter

13. Magnetic stirrer

14. Vortex mixer

15. Electronic balance for weighing chemicals

16. Elisa Reader and washer

17. Variable Volume Pipette (10-100 µl)

18. Variable Volume Pipette (20-200 µl)

19. Variable Volume Pipette (100-1000 µl)

20. Multi-channel pipettes – 8 and 12 channel pipettes (20-200 ul and 50- 300 ul)

21. Autoclave – Two (one for decontamination and one for sterilization)
Horizontal and vertical

ANNEXURE 1
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22. Hot air oven for sterilizing glassware

23. One personal computer with printer, photocopier, fax machine and telephone lines

24. PCR machine (conventional and real-time)

25. Gel electrophoresis apparatus

26. UV transilluminator

27. Ice-making machine

28. Liquid nitrogen containers

29. Water purification/distillation system, which provides high-grade water suitable for tissue culture work

30. Glassware such as volumetric flasks, measuring cylinders, pipettes (1 ml, 2 ml, 5 ml and 10 ml), 
conical flasks, reagent storage bottles (50 ml, 100 ml, 250 ml, 500 ml and 1000 ml)

31. Electric brushing machine and automatic pipette washer

32. Refrigerator 300-450 lit

33. Laboratory Incubator (37 deg C)

34. Precision balance

35. Analytical Balance

36. Electric Micro incinerator

37. UPS with batteries 3kva, half hour back up

38. Water Distillation plant

39. Electronic Thermo Hygrometer

40. Digital Maxima-Minima Thermometer (range: -100 to +60 deg C)

41. Digital Maxima-Minima Thermometer (range: 0 to 300 deg C)

42. Glass Alcohol Thermometer

43. Rocking platform

44. Shaker water bath

45. Racks suitable for pipettes offered, at least 4 positions

46. Desk Top Computer

47. Printer

48. Scanner

49. Fax machine and telephone lines
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Laboratories Supplies

S.N. Supplies

1. Diagnostic kits as per requirements of the laboratory

2. Tissue culture media

3. Foetal bovine serum

4. Fluorescent conjugates

5. 4-Fluorescent conjugates

6. ELISA plates, antibodies and conjugates

7. Analytical-grade fine chemicals for preparation of buffers

8. Sterile tissue culture plastic ware (25 cm2 and 75cm2 flasks, 24 and 96 well plates, Petri dishes, 
tissue culture tubes centrifuge tubes and pipettes)

9. V-bottom polystyrene microtiter plates for haemagglutination

10. Serum storage cryovials and boxes

11. Micropipette tips, Pasteur Pipettes

12. PCR tubes, PCR Plates

13. PCR reagents (Taq polymerase, reverse transcriptase, primers, probes and agarose)

14. DNA and RNA extraction kits

15. PPEs (Gloves, Respirators & 3 layered Mask, Head Cover)

16. Glass beakers

17. Eppendorf tubes

18. Whiteboard, Markers, Pens etc.

ANNEXURE 2
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Sample Job Hazard Analysis Form
Job Title Job Location Analyst Date

Task : Task Description:

Hazard Type: Hazard Description:

Consequence: Hazard Controls:

Rational or Comment:

ANNEXURE 3
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Using Huwel_Quantiplus

Covid -19 RT-PCR Kit on Roche LC96
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Sources for laboratory equipment and supplies
The following names and websites are listed for source of information only and are not recommended 
by any government body.

Name Supplies Website 

Abbott Diagnostics Lab instruments & test www.abbottdiagnostics.com  

Roche Lab Lab instruments & test www.roche.com

Bio-Rad Laboratories Lab instruments, reagents 
& kits www.bio-rad.com 

Thermo Scientific Lab instruments, reagents 
& kits www.thermo.com

AIDS Medicines and Diagnostics 
Service (AMDS) HIV diagnostics www.who.int/hiv/amds/en/ 

Axygen Lab consumables www.axygen.com

BD (Becton, Dickinson & Company) Lab instruments, reagents, 
and kits www.bd.com

BioMérieux Beckman Coulter Lab instruments, reagents, 
and kits www.beckmancoulter.com

Remel Lab reagents & tests www.remelinc.com

Huwel LifeSciences Pvt. Ltd. Lab instruments, reagents, 
and kits

Genetix Biotech Asia Pvt. Ltd Lab instruments & consum-
ables http://genetixbiotech.com 

Eppendrof India Pvt. Ldt. Lab instruments https://www.eppendorf.com/IN-en 

Labindia Instruments Pvt. Ltd. Lab instruments & reagents www.labindia.com

Transasia Biomedicals Ltd Lab instruments, reagents 
and kits www.tranasia.co.in
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Table 1:  Chemical germicides names and basic information:

S.N. Chemical  
germicides

Basic Information 

1. Chlorine (sodium 
hypochlorite)

A fast-acting oxidant is a widely available and broad-spectrum chemical germi-
cide. It is normally sold as bleach, an aqueous solution of sodium hypochlorite 
(NaOCl), which can be diluted with water to provide various concentrations of 
available chlorine.
All-purpose should have a concentration of 1 g/l available chlorine (0.1%)
A stronger solution, containing 5 g/l (0.5%) available chlorine, is recommended for 
dealing with biohazardous spillage.

2. Sodium dichloroiso-
cyanurate:

Widely used as disinfectant 
Available in powder form 
Solutions prepared with NaDCC powder at 1.7 g/l and 8.5 g/l will contain 1 g/l or 5 
g/l available chlorine, respectively

3. Chloramines

Available as powders containing about 25% available chlorine. 
Chloramines release chlorine at a slower rate than hypochlorite. 
chloramine solutions are not inactivated by organic matter to the same extent as 
hypochlorite solutions. 
Concentrations of 20 g/l are recommended

4. Chlorine dioxide 
(ClO2):

A strong and fast-acting germicide, disinfectant agent and oxidizer.
Often reported to be active at concentrations levels lower than those needed by 
chlorine as bleach. 
Chlorine dioxide is unstable as a gas and will undergo decomposition into chlorine 
gas (Cl2), oxygen gas (O2), giving off heat. 
Chlorine dioxide is soluble in water and stable in an aqueous solution. 

5. Formaldehyde:

Formaldehyde (HCHO) is a gas that kills all microorganisms and spores at tem-
peratures above 20 °C. However, it is not active against prions. 
Formaldehyde is relatively slow-acting and needs a relative humidity level of about 
70%. 
It is used as formalin, a solution of the gas in water of about 370 g/l (37%), con-
taining methanol (100 ml/l) as a stabilizer. Formaldehyde (5% formalin in water) 
may be used as a liquid disinfectant. 
Formaldehyde is a suspected carcinogen and therefore must be stored and used 
in a fume-hood or well-ventilated area. National chemical safety regulations must 
be followed.
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6. Glutaraldehyde:

Active against vegetative bacteria, spores, fungi and lipid- and nonlipid-containing 
viruses. 

non-corrosive and faster acting than formaldehyde. 

takes several hours to kill bacterial spores. 

Generally supplied as a solution with a concentration of about 20 g/l (2%).

Glutaraldehyde is toxic and an irritant to skin and mucous membranes and con-
tact with it must be avoided. It must be used in a fume-hood or in well-ventilated 
areas.

It is not recommended as a spray or solution for the decontamination of environ-
mental surfaces. National chemical safety regulations must be followed.

7. Phenolic com-
pounds:

Phenolic compounds (a broad group of agents) were among the earliest germi-
cides. However, more recent safety concerns restrict their use. 

active against vegetative bacteria and lipid-containing viruses and, when properly 
formulated, also show activity against mycobacteria. 

Not active against spores and their activity against nonlipid viruses is variable. 

Many phenolic products are used for the decontamination of environmental sur-
faces, and some are among the more commonly used antiseptics. 

Phenolic compounds are not recommended for use on food contact surfaces and 
in areas with young children. They may be absorbed by rubber and can also pene-
trate the skin. National chemical safety regulations must be followed.

8. Quaternary ammo-
nium compounds

They used as mixtures and often in combination with other germicides, such as 
alcohols. 

They have good activity against some vegetative bacteria and lipid-containing 
viruses. Certain types (e.g. benzalkonium chloride) are used as antiseptics.

9. Alcohols

Ethanol (ethyl alcohol, C2H5OH) and 2-propanol (isopropyl alcohol, (CH3)2CHOH) 
have similar disinfectant properties. 

They are active against vegetative bacteria, fungi    and lipid-containing viruses 
but not against spores. Their action on nonlipid viruses is variable. 

For highest effectiveness they should be used at concentrations of approximately 
70% (v/v) in water: higher or lower concentrations may not be as germicidal. 

Alcohols are volatile and flammable and must not be used near open flames.

10. Iodine and Iodo-
phors

The action of these disinfectants is like that of chlorine.

Iodine can stain fabrics and environmental surfaces and is generally unsuitable 
for use as a disinfectant.

Iodophors and tinctures of iodine are good antiseptics. 

Iodine can be toxic. Organic iodine-based products must be stored at 4–10°C to 
avoid the growth of potentially harmful bacteria in them.

11. Hydrogen peroxide 
and peracids

These are strong oxidants and can be potent broad-spectrum germicides. 

Safer than chlorine to humans and the environment.

Hydrogen peroxide is supplied either as a ready-to-use 3% solution or as a 30% 
aqueous solution to be diluted to 5–10 times its volume with sterilized water. 

Hydrogen peroxide can be used for the decontamination of work surfaces of labo-
ratory benches and biosafety cabinets.

Hydrogen peroxide and peracids can be corrosive to metals instruments.
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Table 1. Recommended dilutions of chlorine-releasing compounds

Chlorine Releasing Compounds Clean 
Conditions

Dirty  
Conditions

Available chlorine required 0.1% (1 g/l) 0.5% (5 g/l)

Sodium hypochlorite solution (5% available chlorine) 20 ml/l 100 ml/l

Calcium hypochlorite (70% available chlorine) 1.4 g/l 7.0 g/l

Sodium dichloroisocyanurate powder (60% available chlorine 1.7 g/l 8.5 g/l

Sodium dichloroisocyanurate tablets (1.5 g available chlorine  
per tablet) 1 tablet 4 tablets

Chloramine (25% available chlorine) 20 g/l 20 g/l
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Incompatibility Table of Commonly used lab chemicals

Please note this is not an exhaustive list.

Chemical Incompatible with

Acetic acid Chromic acid, nitric acid, hydroxyl compounds, ethylene glycol, perchloric acid, 
peroxides, permanganates

Acetylene Chlorine, bromine, copper, fluorine, silver, mercury

Acetone Concentrated nitric acid and sulphuric acid mixtures

Alkali and alkaline earth 
metals

Water, carbon tetrachloride or other chlorinated hydrocarbons, carbon dioxide, 
halogens

Ammonia (anhydrous) Mercury(e.g., in manometers), chlorine, calcium hypochlorite, iodine, bromine, 
hydrofluoric acid (anhydrous)

Ammonium nitrate Acids, powered metals, flammable liquids, chlorates, nitrites, sulphur, finely divided 
organic combustible materials

Aniline Nitric acid, hydrogen peroxide

Arsenical materials Any reducing agent

Azides Acids

Bromine See chlorine

Calcium oxide Water

Carbon (activated) Calcium hypochlorite, all oxidizing agents

Chlorates Ammonium salts, acids, powered metals, sulphur, finely divided organic or combus-
tible materials

Chromic acid and chromi-
um trioxide

Acetic acid, naphthalene, camphor, glycerol. Alcohol, flammable liquids in general

Chlorine Ammonia, acetylene, butadiene, butane, methane, propane (or other petroleum gas-
es), hydrogen, sodium carbide, benzene, finely divided metals, turpentine

Chlorine dioxide Ammonia, methane, phosphine, hydrogen sulphide

Copper Acetylene, hydrogen peroxide

Cumene hydroperoxide Acids (organic and inorganic)

Cyanides Acids

Flammable liquids Ammonium nitrate, chromic acid, hydrogen peroxide, nitric acid, sodium peroxide, 
halogens

Fluorine All other chemicals

Hydrocarbons (such as 
butane, propane, benzene)

Fluorine, chlorine, bromine, chromic acid, sodium peroxide
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Hydrocyanic acid Nitric acid, alkali

Hydrofluoric acid (anhy-
drous)

Ammonia (aqueous or anhydrous)

Hydrogen sulphide Fuming nitric acid, oxidizing gases

Hypochlorite Acids, activated carbon

Iodine Acetylene, ammonia (aqueous or anhydrous), hydrogen

Mercury Acetylene, fulminic acid, ammonia

Nitrates Acids

Nitric acid (concentrated) Acetic acid, aniline, chromic acid, hydrocyanic acid, hydrogen sulphide, flammable 
liquids and gases, copper, brass, any heavy metals

Nitrites Acids

Nitroparaffins Inorganic bases, amines

Oxalic acid Silver, mercury

Oxygen Oils, grease, hydrogen, flammable liquids, solids, and gases

Perchloric acid Acetic acid, anhydride, bismuth and its alloys, alcohols, paper, wood, grease, oils

Peroxides, organic Acids (organic or mineral), avoid friction, store cold

Phosphorus (white) Air, oxygen, alkalies, reducing agents

Potassium chlorate Sulphuric and other acids

Potassium perchlorate 
(see also chlorates)

Sulphuric and other acids

Potassium permanganate Glycerol, ethylene glycol, benzaldehyde, sulphuric acid

Selenides Reducing agents

Silver Acetylene, oxalic acid, tartaric acid, ammonium compounds, fulminic acid

Sodium Carbon tetrachloride, carbon dioxide, water

Sodium nitrite Ammonium nitrate and other ammonium salts

Sodium peroxide Ethyl and methyl alcohol, glacial acetic acid, acetic anhydride, benzaldehyde, car-
bon disulfide, glycerin, ethylene glycol, ethyl acetate, methyl acetate, furfural

Sulphides Acids

Sulphuric acid Potassium chlorate, potassium perchlorate, potassium permanganate (similar 
compounds of light metal, such as sodium, lithium)

Tellurides Reducing agents
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Role and Responsibilities for Human Resource in a Virology Lab

Microbiologist

1. Microbiologist will be team leader/ lab in-charge of Virology lab in medical college. 
2. Microbiologist will make sure final report after identification/analysis/reading of microbes. 
3. Will ensure Lab and diagnosis related mandate of any communicable disease program and report 

to concern authority. 
4. Time-to-time capacity building of his/her staff, working in lab. 
5. Supervise and give approval of SOPs of microbiology lab prepared by senior- scientist. 
6. Will make sure the SOP during epidemic situation or high alert and 24*7 functionality of lab.
7. Ensure the BMW and infection control measures in-side the lab and other public health facilities 

and involve in capacity building.
8. To manage human resources of laboratory, keep track of performance to create safe and inclusive 

work environment. 
9. Any other professional work instructed by the concern authority.

v

Senior Scientist 

1. Senior scientist will make sure the facilitation of conceptualization, methodology of operational 
research activity and provide the data and analytical report for approved research. Involve in 
operational research going in districts/ labs. Preparation of research project proposal and their 
approvals with lab in-charge before the authority.  

2. Will make sure for standard operating procedures (SOPs) of microbiology (virology lab) by concern 
authority/ institution and update time to time.

3. Senior scientist will be over all in charge of operation of lab, management, logistics of consumables, 
and troubleshooting of lab activity and get the assistance of junior scientist for laboratory work. 

4. Senior scientist will make sure the lab roaster and get the final approval from lab in-charge. 
5. Ensure the BMW and infection control measures in-side the lab and other public health facilities 

and involve in capacity building.
6. Responsible for execution and operationalization of lab and make sure all essential instruments/

devices for the lab and update it time to time.  
7. Responsible for lab analysis reports & will ensure to upload the final report in defined lab portal 

approved by concern authority. 
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8. Responsible for training/ capacity building of staff which has been approved by clinical 
microbiologist and as per the instruction of department authority.

9. Assurance of fitness of all lab equipment and time to time coordination with bio-medical engineer 
in breakdown situation. 

10. In case of non- availability of microbiologist, senior scientist may have routine in-charge of 
laboratory. 

11. To manage human resources of laboratory, keep track of performance to create safe and inclusive 
work environment. 

12. Any other professional work instructed by the concerned authority.

Junior Scientist

1.   Junior scientist will assist the lab work of microbiology (virology) and follow the SOPs set for the 
lab.

2. Will help the lab technician for laboratory work such as extraction, lysis process and other process. 
3. Will monitor the lab process, from sample collection to up to pre-PCR process. Junior Scientist 

will do the experiment set-up. 
4. Will be responsible for RTPCR reporting or any other routine test reporting time to time.
5. Junior Scientist will help the logistics and availability of consumables in lab from store and ensure 

allotment under monitoring. 
6. Will ensure BMW and infection control measures inside the lab. 
7. Will do the culture process/ other laboratory experiments set-up to carry out routine work if any. 
8. To assist Sr. scientist in operational research going on in district/ or in testing going on in lab.
9. Will ensure the capacity building of lab technicians inside the lab and across the district in time 

to time as per need. 
10. Prepare and assist the monthly report related to lab performance. Identify the errors and get the 

guidance from senior scientist.  
11. Any other professional work instructed by senior scientist and lab in-charge clinical microbiologist. 

*Note: Qualification and experience of Microbiologist/ Senior Scientist / Junior Scientist will be 
approved by Government of Chhattisgarh for the department of medical education and health 
services separately
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SAFETY 
CHECKLIST
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Laboratory Premises

S.N. Checklist Yes/No

1. Have guidelines for commissioning and certification been considered for facility 
construction or post-construction evaluations?

2. The premises meet national and local building requirements, including those relating 
to natural disaster precautions if necessary?

3. Are the premises generally uncluttered and free from obstructions?

4. Are the premises clean?

5. Are there any structural defects in floors?

6. Are floors and stairs uniform and slip-resistant? 

7. Is the working space adequate for safe operation?

8. Are the circulation spaces and corridors adequate for the movement of people and 
large equipment?

9. Are the benches, furniture and fittings in good condition?

10. Are bench surfaces resistant to solvents and corrosive chemicals?

11. Is there a hand-washing sink in each laboratory room?

12. Are the premises constructed and maintained to prevent entry and harbourage of 
rodents and arthropods?

13. Are all exposed steam and hot water pipes insulated or guarded to protect person-
nel?

14. Is an independent power support unit provided in case of power breakdown?

15. Can access to laboratory areas be restricted to authorized personnel?

16. Has a risk assessment been performed to ensure that appropriate equipment and 
facilities are available to support the work being considered?

Laboratory Name:  Date: 

Department:  Inspected by: 
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Storage Facilities
S.N. Checklist Yes/No

1. Are storage facilities, shelves, etc. arranged so that stores are secure against sliding, 
collapse or falls?

2.
Are storage facilities kept free from accumulations of rubbish, unwanted materials 
and objects that present hazards from tripping, fire, explosion and harbourage of 
pests?

3. Are freezers and storage areas lockable?

Laboratory Name:  Date: 

Department:  Inspected by: 
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Laboratory Name:  Date: 

Department:  Inspected by: 

Sanitation and staff facility
S.N. Checklist Yes/No

1. Are the laboratory areas maintained in a clean, arranged, and hygienic condition?

2. Is drinking-water available?

3. Is there a staff room for lunch, etc.?

4. Are noise levels acceptable?

5. Is there an adequate organization for the collection and disposal of general house-
hold rubbish?

6. Are clean and adequate toilet (WC) and washing facilities provided separately for 
male and female staff?

7. Are hot and cold water, soap and towels provided wherever necessary?

8. Are separate changing rooms provided for male and female staff?

9. Is there accommodation (e.g., lockers) for street clothing for individual members of 
the staff?
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Laboratory Name:  Date: 

Department:  Inspected by: 

Heating and Ventilation
S.N. Checklist Yes/No

1. Is laboratory provided with comfortable working temperature and maintain tem-
perature specifically to the areas according to standards?

2. Are blinds fitted to windows that are exposed to full sunlight?

3. Is the ventilation adequate, e.g. at least six changes of air per hour, especially in 
rooms that have mechanical ventilation?

4. Are there HEPA filters in the ventilation system?

5. Does mechanical ventilation compromise airflows in and around biological safety 
cabinets and fume cupboards?
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Laboratory Name:  Date: 

Department:  Inspected by: 

Lighting

S.N. Checklist Yes/No

1. Is the general illumination acceptable according to laboratory criteria (e.g., 300–400 lx)?

2. Is local lighting provided at work benches?

3. Are all areas well-lit, with no dark or ill-lit corners in rooms and corridors?

4. Are fluorescent lights parallel to the benches?

5. Are fluorescent lights colour-balanced?
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Laboratory Name:  Date: 

Department:  Inspected by: 

Services
S.N. Checklist Yes/No

1. Is every laboratory space provided with necessary sinks, water, electricity 
and gas outlets for safe working?

2. Is there an adequate inspection and maintenance programme for fuses, 
lights, cables, pipes, etc.?

3. Are faults corrected within a reasonable time?

4.
Are internal engineering and maintenance services available, with skilled 
engineers and craftsmen who also have some knowledge of the nature of 
the work of the laboratory?

5. Is the access of engineering and maintenance personnel to various laborato-
ry areas controlled and documented?

6.
If no internal engineering and maintenance services are available, have local 
engineers and builders been contacted and familiarized with the equipment 
and work of the laboratory?

7. Are cleaning services available?

8. Is the access of cleaning personnel to various laboratory areas controlled 
and documented?

9. Are information technology services available and secured?
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Laboratory Name:  Date: 

Department:  Inspected by: 

Laboratory Biosecurity

S.N. Checklist Yes/No

1. Has a qualitative risk assessment been performed to define risks that a securi-
ty system should protect against?

2. Have acceptable risks and incidence response planning parameters been 
defined?

3. Is the whole building securely locked when unoccupied?

4. Are doors and windows break-proof?

5. Are rooms containing hazardous materials and expensive equipment locked 
when not in use?

6. Is access to such rooms, equipment and materials appropriately controlled and 
documented?
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Laboratory Name:  Date: 

Department:  Inspected by: 

Fire prevention and protection

S.N. Checklist Yes/No

1. Is there a fire alarm system?

2. Are the fire doors in good order?

3. Is the fire detection system in good working order and regularly tested?

4. Are fire alarm stations accessible?

5. Are all exits marked by proper, illuminated signs?

6. Is access to exits marked where the routes to them are not immediately visible?

7. Are all exits unobstructed by decorations, furniture and equipment, and unlocked when 
the building is occupied?

8. Is access to exits arranged so that it is not necessary to pass through a high-hazard area 
to escape?

9. Do all exit lead to an open space?

10. Are corridors, aisles and circulation areas clear and unobstructed for movement of staff 
and fire-fighting equipment?

11. Is all fire-fighting equipment and apparatus easily identified by an appropriate colour 
code?

12. Are portable fire extinguishers maintained fully charged and in working order, and kept in 
designated places at all times?

13. Are laboratory rooms with potential fire hazards equipped with appropriate extinguishers 
and/or fire blankets for emergency use?

14. If flammable liquids and gases are used in any room, is the mechanical ventilation suffi-
cient to remove vapours before they reach a hazardous concentration?

15. Are personnel trained to respond to fire emergencies?
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Laboratory Name:  Date: 

Department:  Inspected by: 

Flammable liquid storage

S.N. Checklist Yes/No

1. Is the storage capacity for inflammable liquids separated from the main building?

2. Is a fire-risk area clearly labelled?

3. Does it have a gravity or mechanical exhaust ventilation system that is separate 
from the main building system?

4. Are the switches for lighting sealed or placed outside the storage area?

5. Are the light fittings inside sealed to protect against ignition of vapours by spark-
ing?

6. Are flammable liquids stored in proper, ventilated containers that are made of 
non-combustible materials?

7. Are the contents of all containers correctly described on the labels?

8. Are they stored in properly constructed flammable storage cabinets?

9. Are these cabinets adequately labelled with “Flammable liquid – Fire hazard” 
signs?

10. Are personnel trained to properly use and transport flammable liquids?

11. Are appropriate fire extinguishers and/or fire blankets placed outside but near to 
the flammable liquid store?

12. Are “No smoking” signs clearly displayed inside and outside the flammable liquid 
store?

13. Are only minimum amounts of flammable substances stored in laboratory rooms?
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Laboratory Name:  Date: 

Department:  Inspected by: 

Compressed and Liquified gases

S.N. Checklist Yes/ No

1. Is each portable gas container legibly marked with its contents and correctly colour- 
coded?

2. Are compressed-gas cylinders and their high-pressure and reduction valves regularly 
inspected?

3. Are reduction valves regularly maintained?

4. Is a pressure-relief device connected when a cylinder is in use?

5. Are protection caps in place when cylinders are not in use or are being transported?

6. Are all compressed gas cylinders secured so that they cannot fall, especially in the 
event of natural disaster?

7. Are cylinders and liquid petroleum gas tanks kept away from sources of heat?

8. Are personnel trained to properly use and transport compressed and liquefied gases?
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Laboratory Name:  Date:

Department:  Inspected by:

Electrical Hazards

S.N. Checklist Yes/No

1. Are all new electrical installations and all replacements, modifications or repairs made 
and maintained in accordance with a national electrical safety code?

2. Are circuit-breakers and earth-fault interrupters fitted to all laboratory circuits?

3. Do all electrical appliances have testing laboratory approval?

4. Is each electric socket outlet used for only one appliance (no adapters to be used)?

5. Does the interior wiring have an earthed/grounded conductor (i.e., a three-wire sys-
tem)?

6. Are the flexible connecting cables of all equipment as short as practicable, in good 
condition, and not frayed, damaged or spliced?
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Laboratory Name:  Date: 

Department:  Inspected by: 

Personal Protection Checklist

S.N. Checklist Yes/No

1. Is protective wear of approved design and fabric provided for all staff for normal work, e.g., 
gowns, coveralls, aprons, gloves?

2.
Is supplementary protective clothing offered for work with hazardous chemicals and   radio-
active and carcinogenic substances, e.g., rubber aprons and gloves for chemicals and for 
dealing with spillages; heat-resistant gloves for unloading autoclaves and ovens?

3. Are protection glasses, goggles and shields (visors) provided?

4. Are there eye-wash stations located at appropriate place?

5. Are there emergency showers (drench facilities)?

6. Is radiation protection in accordance with national and international standard guideline?

7. Are respirators available, regularly cleaned, disinfected, inspected, and stored in a clean and 
sanitary condition?

8. Are appropriate filters provided for the correct types of respirators, e.g., HEPA filter for micro-
organisms, appropriate filters for gases or particulates?

9. Are respirators fit-tested?
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Laboratory Name:  Date: 

Department:  Inspected by: 

Health and Safety of Staff

S.N. Checklist Yes/No

1. Is there an occupational health service?

2. Are first-aid boxes provided at planned locations?

3. Are qualified first-aiders available?

4.
Are such first-aiders trained to deal with emergencies peculiar to the laboratory, such 
as contact with corrosive chemicals, accidental ingestion of poisons and infectious 
materials?

5. Are non-laboratory employees (domestic and clerical staff) instructed on the possible 
hazards of the laboratory and the material it handles?

6. Are notices prominently posted giving clear information about the location of first-aid-
ers, telephone numbers of emergency services, etc.?

7. Is there an immunization programme relevant to the work of the laboratory?

8. Are skin tests and/or radiological facilities available for staff who work with tuberculous 
materials or other materials requiring such measures?

9. Are proper records maintained of illnesses and accidents?

10. Are warning and accident prevention signs used to minimize work hazards?

11. Are personnel trained to follow appropriate biosafety practices?

12. Are women of childbearing age warned of the consequences of work with hazardous 
microorganisms, carcinogens, mutagens and teratogens?

13.
Are women of childbearing age told that if they are, or suspect that they are, pregnant 
they should inform the appropriate member of the medical/scientific staff so that alter-
native working arrangements may be made for them if necessary?
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Laboratory Name:  Date: 

Department:  Inspected by: 

Laboratory Equipment
S.N. Checklist Yes/No

1. Are all equipments placed in laboratory certified safe for use?

2. Are procedures available for decontaminating equipment prior to maintenance?

3. Are there safe receptacles for broken glass?

4. Are plastics used instead of glass where feasible?

5. Are sharps disposal containers available and being used?

6. Are biological safety cabinets and fume cupboards regularly examined and ser-
viced?

7. Are autoclaves and other pressure vessels frequently inspected?

8. Are centrifuge buckets and rotors regularly inspected?

9. Are HEPA filters regularly replaced as suggested?

10. Are pipettes used instead of hypodermic needles?

11. Is cracked and damaged glassware always discarded and not reused?
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Laboratory Name:  Date: 

Department:  Inspected by: 

Chemical and Radioactive Substances

S.N. Checklist Yes/No

1. Are spill kits provided?

2. Are incompatible chemicals effectively separated when stored or handled?

3. Are chemical hazard warning charts prominently displayed?

4. Are all chemicals correctly labelled with names and warnings?

5. Are staff trained to deal with chemical & radioactive substance spills?

6. Are flammable substances correctly and safely stored in minimal amounts required in 
approved cabinets?

7. Are bottle carriers provided?

8. Is a radiation protection officer or appropriate reference manual available for  
consultation?

9. Are staff appropriately trained to safely work with radioactive materials?

10. Are proper records of stocks and use of radioactive substances maintained?

11. Are radioactivity screens provided?

12. Are personal radiation exposures monitored?

Reference:  
1. ISEF Guidelines for Biosafety Level 2 Laboratory Facilities & Operations, ISEF https://sspcdn.blob.

core.windows.net/files/Documents/SEP/ISEF/Resources/BSL2-Checklist.pdf
2. checklist to prepare for Environment, Health & Safety, Biological Safety Level 2 Inspection, 

Environmental Health & Safety University of Washington https://ehs.umich.edu/wp-content/
uploads/2016/04/BL2checklist.pdf

3. Laboratory Biosafety Compliance Inspection Checklist, UNIVERSITY OF MISSOURI-KANSAS CITY 
https://ors.umkc.edu/services/compliance/biosafety-committee/ibc-docs/laboratory-inspection-
checklist-bsl2.pdf

4. Biological Safety Level 2 (BSL-2) Inspection Checklist, Environmental Health & Safety University of 
Washington,  https://www.ehs.washington.edu/system/files/resources/BSL2-biosafety-inspection-
checklist.pdf
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