CASE STUDY # 1

Unknown Route of Transmission of Human Immunodeficiency Virus

Case Study # 1 is a supplement to:


Module 2 - Laboratory-associated Infections


Module 6 - Microbiological Risk Assessment in the Laboratory

Introduction

Laboratory workers from 15 laboratory facilities voluntarily agreed to participate in a prospective cohort study to assess the risk of possible exposure to Human Immunodeficiency Virus Type 1 (HIV-1).(1)  The study participants signed an informed consent form and completed a two-part questionnaire.  Blood samples from each participant were analyzed for antibody to HIV-1.  Additional blood specimens were obtained throughout the study for HIV-1 serology.

The second part of the questionnaire addressed personal risk factor information including sexual activities, drug use, transfusions, and country of origin.  This part was sealed in a separate envelope by the participant and mailed directly to a study monitor who recoded and described the data from each participant as a single measure of AIDS risk—high, low, very low, or zero.

There were 265 participants from 15 facilities in the cohort study-group; 99 worked with concentrated HIV-1.  One participant, who worked with concentrated virus, was seropositive at the time of entry into the study.  Molecular analysis showed that two isolates from the individual were indistinguishable from the HIV-1 genotype of the virus handled in the laboratory.  The individual had a personal AIDS risk factor of zero and denied in four independent epidemiologic interviews any parenteral exposure or adverse risk behavior linked to HIV-1.  The individual reported that work with concentrated virus was conducted using recommended Biosafety Level 3 practices, equipment, and facility safeguards.  The individual began work at the laboratory 290 days prior to entry into the study.  The work activity involved the production of large quantities of concentrated HIV-1.  This was the first laboratory position for the individual.

The senior principal investigator concluded that the study results demonstrated that aerosol transmission was the probable cause of the HIV-1 infection, and urged quick publication of the manuscript to warn other scientists about the aerosol risk in handling HIV-1 in the laboratory.  The senior epidemiologist was unsure about this interpretation and suggested inviting a biosafety expert to evaluate the study results prior to publication of the manuscript.
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Summary Sheet
Disease:
Acquired Immunodeficiency Syndrome (AIDS)

Agent:
Human Immunodeficiency Virus Type I (HIV-1)

SYNOPSIS

The biosafety expert asked the senior epidemiologist to arrange for a telephone introduction with the HIV-1 seropositive study participant.  This was done through an intermediary contact because the identity of the seropositive participant was not known to anyone conducting the study.  The biosafety expert made an introductory call to the participant for purposes of establishing trust, concern, and a willingness to listen.  No issues regarding the exposure were discussed.  In a subsequent call, the participant agreed to talk about the work activity.  Several conversations followed, but the identity of the participant was never disclosed to the biosafety expert.  During those conversations, the participant revealed a number of episodes of leakage of virus-positive culture fluids from equipment.  These incidents required immediate decontamination.  It was standard practice to decontaminate the centrifuge rotors following runs.  This involved the use of a hand brush submerged in disinfectant to remove cellular debris from the rotor surfaces.  The participant had not received rigorous training in the decontamination protocols and was not made aware of the potential for surface contamination during handling of contaminated materials. The participant stated that pinholes and torn gloves occurred at times and that the gloves were quickly replaced.  The participant also stated that double gloves were worn whenever there were bandaged cuts on fingers and hands.  In addition, the participant recalled having an episode of dermatitis on the arm.  The participant thought the safety orientation-training program was not thorough. 

The additional information on Retroviruses, including Human and Simian Immunodeficiency Viruses (HIV and SIV), that follows is taken from the 4th Edition of “Biosafety in Microbiological and Biomedical Laboratories.”(2) 

Laboratory Hazards: HIV has been isolated from blood, semen, saliva, tears, urine, cerebrospinal fluid, amniotic fluid, breast milk, cervical secretion, and tissue of infected persons and experimentally infected nonhuman primates.(3) CDC has recommended that blood and body fluid precautions be used consistently when handling any blood-contaminated specimens.(4)(5)  This approach, referred to as "universal precautions," precludes the need to identify clinical specimens obtained from HIV-positive patients or to speculate as to the HIV status of a specimen.

Although the risk of occupationally acquired HIV is primarily through exposure to infected blood, it is also prudent to wear gloves when manipulating other body fluids such as feces, saliva, urine, tears, sweat, vomitus, and human breast milk. This also reduces the potential for exposure to other microorganisms that may cause other types of infections.

In the laboratory, virus should be presumed to be present in all blood or clinical specimens contaminated with blood, in any unfixed tissue or organ (other than intact skin) from a human (living or dead), in HIV cultures, in all materials derived from HIV cultures, and in/on all equipment and devices coming into direct contact with any of these materials.

SIV has been isolated from blood, cerebrospinal fluid, and a variety of tissues of infected nonhuman primates. Limited data exist on the concentration of virus in semen, saliva, cervical secretions, urine, breast milk, and amniotic fluid. In the laboratory, virus should be presumed to be present in all SIV cultures, in animals experimentally infected or inoculated with SIV, in all materials derived from HIV or SIV cultures, and in/on all equipment and devices coming into direct contact with any of these materials.(6)
In the laboratory, the skin (especially when scratches, cuts, abrasions, dermatitis, or other lesions are present) and mucous membranes of the eye, nose, and mouth should be considered as potential pathways for entry of these retroviruses. Whether infection can occur via the respiratory tract is unknown. The need for using sharps in the laboratory should be evaluated. Needles, sharp instruments, broken glass, and other sharp objects must be carefully handled and properly discarded. Care must be taken to avoid spilling and splashing infected cell-culture liquid and other virus-containing or potentially infected materials.(7)
Recommended Precautions:

In addition to the following recommended precautions, persons working with HIV, SIV, or other bloodborne pathogens should consult the OSHA Bloodborne Pathogen Standard.(8) Questions related to interpretation of this Standard should be directed to Federal, regional or state OSHA offices.

1. BSL-2 standard and special practices, containment equipment and facilities are recommended for activities involving all blood-contaminated clinical specimens, body fluids and tissues from all humans, or from HIV- or SIV-infected or inoculated laboratory animals.

2. Activities such as producing research-laboratory-scale quantities of HIV or SIV, manipulating concentrated virus preparations, and conducting procedures that may produce droplets or aerosols, are performed in a BSL-2 facility, but using the additional practices and containment equipment recommended for BSL-3.

3. Activities involving industrial-scale volumes or preparation of concentrated HIV or SIV are conducted in a BSL-3 facility, using BSL-3 practices and containment equipment.

4. Nonhuman primates or other animals infected with HIV or SIV are housed in ABSL-2 facilities using ABSL-2 special practices and containment equipment.

Additional Comments:

1. There is no evidence that laboratory clothing poses a risk for retrovirus transmission; however, clothing that becomes contaminated with HIV or SIV should be decontaminated before being laundered or discarded. Laboratory personnel must remove laboratory clothing before going to non-laboratory areas.

2. Work surfaces are decontaminated with an appropriate chemical germicide after procedures are completed, when surfaces are overtly contaminated, and at the end of each work day. Many commercially available chemical disinfectants (9)(10)(11)(12)(13) can be used for decontaminating laboratory work surfaces and some laboratory instruments, for spot cleaning of contaminated laboratory clothing, and for spills of infectious materials. Prompt decontamination of spills should be standard practice.

3. Human serum from any source that is used as a control or reagent in a test procedure should be handled at BSL-2.

4. It is recommended that all institutions establish written policies regarding the management of laboratory exposure to HIV and SIV in conjunction with applicable federal, state and local laws. Such policies should consider confidentiality, consent for testing, administration of appropriate prophylactic drug therapy,(14) counseling, and other related issues. If a laboratory worker has a parenteral or mucous-membrane exposure to blood, body fluid, or viral-culture material, the source material should be identified and, if possible, tested for the presence of virus. If the source material is positive for HIV antibody, virus, or antigen, or is not available for examination, the worker should be counseled regarding the risk of infection and should be evaluated clinically and serologically for evidence of HIV infection. Post-exposure prophylaxis should be offered according to the latest guidelines. The worker should be advised to report and seek medical evaluation of any acute febrile illness that occurs within 12 weeks after the exposure.(15) Such an illness ­ particularly one characterized by fever, rash, or lymphadenopathy ­ may indicate recent HIV infection. If the initial (at time of exposure) test is negative, the worker should be retested 6 weeks after the exposure and periodically thereafter (i.e., at 12 weeks and 6, 9 and 12 months after exposure). During this follow-up period exposed workers should be counseled to follow Public Health Service recommendations for preventing transmission of HIV. (16)(17)(18)(19)(20)

5. Other primary and opportunistic pathogenic agents may be present in the body fluids and tissues of persons infected with HIV. Laboratory workers should follow accepted biosafety practices to ensure maximum protection against inadvertent laboratory exposure to agents that may also be present in clinical specimens or in specimens obtained from nonhuman primates.(21)(22)(23)

Research involving other human (i.e., human T-lymphotrophic virus types I and II) and simian retroviruses occurs in many laboratories. Recently, surveillance for such infections revealed occupational exposure and infection by simian foamy virus among animal caretakers at laboratory research facilities.(24)(25) The precautions outlined above are sufficient while working with these agents.

Laboratory work with retroviral vectors, especially those containing full-length infectious molecular genomes (HIV-1), should be handled in BSL-2 facilities under BSL-2/3 practice. This includes infectious clones derived from nonhuman viruses, but possessing xenotropic (especially for human cells) host ranges.
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 discussion questions

1.
What steps would you take to develop your guidance regarding the probable mechanism of exposure?

2.
What is the probable mechanism of exposure?

3.
What other means of exposure may have resulted in infection?

4.
What safeguards (i.e., practices, equipment, training) might have reduced or prevented the laboratory-associated infections?

5.
What steps would you take to put into practice the safeguards you have identified?
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