Laboratory Animal Medicine, 2nd edition

Chapter 10, ¡°Microbiological Quality Control for Laboratory Rodents and Lagomorphs¡±, pp. 365-393

Questions:
1.      Name the two components microbiological quality control is composed of! 
2.      What is the main incentive of microbiological quality control? 
3.      Different SOPs are put in place to avoid any adventitious infections. However, if it should occur how can control and eradication most reliably be achieved?

4.      List some criteria of biosecurity and some of health surveillance! 
5.      T/F Laboratory assays are completely accurate, making confirmation of unexpected positive findings by testing of additional samples and by using alternative diagnostic methodologies unnecessary.

6.      Define the following three categories of animals: gnotobiotic, SPF, conventional animals! 
7.      Effective biosecurity requires an understanding of the chain of adventitious infection. Define reservoirs or ecological niche!

8.      What is the difference and is there any between reservoir and source of an infectious outbreak? 
9.      Name different modes of transmission! 
10.     What are the two different types of vectors? 
11.     T/F Lactate dehydrogenase-elevating virus is easily transmitted from mouse to mouse. 
12.     Which common pathogens in mice and in guinea pigs cannot be eliminated by cesarean section or embryo transfer and why?

13.     Fomite transmission with soiled bedding is the base of most sentinel programs. Which pathogens won¡¯t be at all or only inefficiently transmitted via soiled bedding? 

14.     What parasites of mice and rats, respectively are transmitted by lice? 
15.     What should a biosecurity program most emphasize: 
a.      containment 
b.      eradication 
c.      prevention 
d.      diagnostic procedures? 
16.     What are the sources and risk factors for contact transmission of pathogens? 
17.     Explain the difference between an active and a passive quarantine program? Which one is better? 
18.     Which pathogens/forms of pathogens are most resistant to inactivation by disinfection? 
19.     All of the following are fomites, except: 
a.      food, bedding, supplies 
b.      contaminated water and/or air 
c.      biologics 
d.      arthropods 
20.     List 4 different forms of physical disinfection! 
21.     Autoclaving and electromagnetic irradiation are the treatments of choice for food and bedding. In comparison with gamma irradiation, autoclaving is ________ expensive but causes _________ reduction in the nutritional value of food.  A drawback of autoclaving is _______________________________.

22.     What is the main effect of ionizing irradiation as a disinfectant? 
23.     Does UV irradiation cause DNA breakage? 
24.     T/F UV radiation passes through solid objects but gamma radiation does not and therefore is effective only for disinfection of surfaces and drinking water.

25.     Filtration is the process most often employed to remove microbes from air and water. The filtration process is classified in ___, ____, and ___ according to the minimum size of particles retained.

26.     Which filtration can exclude viruses? 
27.     What is depth filters used for? 
28.     What viruses could be potentially transmitted via contaminated water? 
29.     Chemical disinfectants inactivate microorganisms by acting as denaturants that disrupt protein or lipid structures, reactants that form or break covalent bonds, or oxidants. Provide examples for every category! 

30.     T/F Virus sensitivity to disinfectants is associated with viral solubility (lipophilic -  lipid envelope and capsid; hydrophilic - naked capsid; intermediate - partially lipophilic capsid).

31.     What are factors that influence efficacy of a chemical disinfectant? 
32.     A substantial risk of adventitious infection is posed be inoculation of rodents with biological materials that have not been screened for extraneous viruses. Is the viral contamination rate reportedly highest for cells grown in culture or for transplantable tumors passaged in vivo?

33.     What is the classical test for rodent viral contaminant surveillance? 
34.     People and insects can be incriminated as mechanical vectors although this is not as important as transmission mode anymore. List practices that should be instituted to reduce the risk!

35.     The following are all measures of containment and eradication of an adventitious infection of a laboratory rodent colony, except:

a.      chemotherapy 
b.      vaccination 
c.      depopulation, disinfection, and repopulation 
d.      continuation of breeding and good nursing practice of neonates to ensure transmission of maternal antibodies 
e.      derivation by cesarean section or by embryo transfer. 
36.     Microbiological surveillance of both breeding and research colonies should be performed routinely. List the methodologies to detect inapparent infections and to identify specific etiologic agents.

37.     Gross and microscopic examination of animal specimens may reveal disease during the active phase of an infection, prior to __________. It is sometimes the most reliable diagnostic methodology when a specific in vitro test is unavailable or unsatisfactory.

38.     Which etiologic agent was discovered by examination, which can cause hepatitis and hepatocellular carcinoma in mice?

39.     In laboratory animal pathology tissues and organs are inspected for gross abnormalities and selected specimens for histopathological changes. The most routinely employed tissue stain is with hematoxylin and eosin whereas microbial antigens or nucleic acid in tissue sections can be specifically stained by ______ or _____.

40.     Match the following parasitological methods with the specimen/parasites inspected/detected. Note that more than one specimen/parasite could correspond with one method.

a)      low-power microscopy        i) pinworms belonging to genus  

                                                                  Syphacia
b)      wet mount of mucosal scrapings  ii) macerated gastrointestinal tract for 

                    adult helminthes

c)      fecal flotation iii) pelage and skin of carcasses for

                                                                  mites and lice        

d)      perianal tape test      iv) burrowing mites

e)      skin scrapings  v)  enteric protozoa

f)      adhesive tape applied to dorsal vi) fur mites

        fur of animal

                vii) coccidia and helminth ova

41.     Why is viral isolation not practical for routine animal monitoring in contrast to bacterial isolation? 
42.     Bacterial monitoring generally begins by inoculating artificial, cell-free agar and broth media with animal or environmental specimens. The specimens, media, and culture conditions are chosen to favor isolation and cultivation of potentially pathogenic bacteria while limiting the growth of commensal and autochthonous microorganisms.

a)      Which additives contains the MacConkey¡¯s agar to selectively inhibit gram-positive bacteria? 
b)      What is the best choice of specimen collected from a rat to isolate Corynebacterium kutscheri? 
c)      Match the following media/culture conditions with the appropriate microorganism. 
A)      selenite broth  i)   Clostridium piliforme 
B)      MacConkey¡¯s agar        ii)     Campylobacter and 
C)      Embryoneated chicken eggs               Helicobacter species 
D)      Medium with serum as source of  iii)    Mycoplasma 

Cholesterol and additional CO2  iv)     E. coli
                E)      microaerophilic environment     v)      Salmonella
        43.     What does viral tropism mean? Give an example for a pneumotropic, neurotropic, and pantropic virus!

        44. Name the three host systems used to isolate viruses in diagnostic laboratories, in order of decreasing importance.

        45. If a virus does not induce a specific cytopathic effect, evidence of virus replication can be obtained by alternative methods such as ______, _______ or _________.

        46. T/F Animal hosts are more susceptible than cell culture to nonspecific specimen toxicity and bacterial or fungal contamination.

        47. Since most of the viral infections of laboratory rodents are subclinical a more

dependable method of determining those is serology for virus-specific antibodies. This is the basis of the MAP and RAP tests.

a)      What do the acronyms MAP and RAP stand for? 
b)      What are these tests used for? 
c)      Describe the MAP test! 
d)      What is the disadvantage of the test? 

48. LDV does/does not elicit an easily measured antibody response. LDV can be diagnosed by _____ and measurement of increased level (10-to 20-fold) of ______in serum or plasma.

49. Diagnostic serology can be divided into tow broad categories: antibody assays and antigen assays. What limitation does the antigen assay impose?

50.     A common usage of antigen assays is to serotype isolates of bacteria. Salmonella have been delineated by agglutination with antisera to ________O and ________H antigens and ¥â-Hemolytic streptococci usually have group-specific, ______________C antigens (basis of Lancefield classification system), demonstrated by precipitation or by the agglutination of antibody-coated latex particles. 

        51. T/F Neutralization, complement fixation, and hemagglutination inhibition (HAI) 

            tests are traditional serologic methods that discriminate among related viral 

            strains as antigen assays only.

52.     Among the antigen assays, labeled antibody methods have been preferred for direct microorganism identification because it is simple, sensitive and highly specific through the possibility of the incorporation of monoclonal antibodies. List the three groups of standard labels!

53.     Most methods that utilize labeled antibodies or antigens are heterogeneous, solid-phase immunoassays. What do the terms heterogeneous and solid phase pertain to in regards of these diagnostic tests?

54.     Immunofluorescence assay results are read with a ________ or ________ directly following the final labeled-antibody incubation and wash steps, whereas an additional ____________ is required to develop the results of an enzyme immunoassay. 

55.     Most of the enzyme immunoassay substrates are chromogenic, producing a colored product. Does this allow reading the test results quantitative or only in a qualitative fashion?

56.     Immunocytochemistry can be employed to identify microbial antigens in cell cultures or animal tissues. Explain the methodology!

57.     T/F Immunochemical staining is not possible when tissue is formalin-fixed and paraffin-embedded. 
58.     During the 1980s, enzyme immunoassays to detect microbial antigens in body fluids achieved widespread use in diagnostic microbiology as a whole, but no in laboratory animal health surveillance. Why? Name two immunoassays that have been used to detect rodent pathogens!

59.     In recent years a shift occurred from antigen immunoassays to molecular assays for microbial genomic sequences, which are better able to differentiate among strains or isolates of microbial species. What does nucleic acid hybridization mean?

60.     The common formats for probe hybridization assays correspond to those employed for immunoassay and include ______, _______, and _______.

61.     In a solid-phase hybridization assay, a nucleic acid specimen may be bound directly to a nitrocellulose or nylon membrane, or may be separated first by electrophoresis into fragments of different sizes and then blotted onto a membrane as in Southern blotting or Northern blotting. What is the difference between the two latter? 

62.     List the three steps of a probe hybridization assay, irrespective of the format! 
63.     What can be labels of reporter probes (same as antibodies)? 
64.     What are the limitations of labeled antibody probes and nucleic acid probes for direct detection of microorganisms in clinical specimen?

65.     Both the difficulties of isolating fastidious organisms and the sensitivity limitations of labeled probe assays have been bypassed by the recent development of practical and robust technologies for rapid biochemical amplification of target nucleic acid sequences entirely in vitro. The most developed and widely used is _______.

66.     Although PCR is characterized by simplicity, speed, sensitivity, and specificity, why is it unlikely that it will replace serology in routine viral surveillance?

67.     What is a PCR primer? 
68.     What is in general the target of primer used for a) screening assays and b) diagnostic assays? 
69.     Explain what a thermocycler does! 
70.     Can PCR be utilized to amplify RNA as well as DNA targets? 
71.     It is common to obtain readily detectable quantities of DNA from just a single template copy by PCR. In contrast, how many copies of a target nucleic acid sequence are required for detection by blot hybridization?

72.     Typically, the products of PCR are separated according to size by electrophoresis on _______________gels. When a gel is exposed to _________, stained DNA fragments appear as fluorescent bands. The sizes of bands are compared with the expected product size to corroborate the specificity of the reaction.

73.     The exquisite sensitivity of the PCR is not only an advantage but also a drawback. Why? 
74.     Various measures are taken to prevent cross-contamination, including the following except: 
a.      physical combination of pre- and postamplification procedures 
b.      decontamination of work surfaces with chemicals or UV irradiation 
c.      enzymatic digestion of amplified template 
d.      chemical inactivation of amplified template. 
75.     T/F PCR sensitivity can be diminished by specimens such as feces or whole 

blood that alter the reaction environment or otherwise inhibit target amplification by the Taq polymerase. 

76.     Although methods as PCR are available, antibody immunoassays are the mainstay of viral surveillance in laboratory animals. List reasons!

77.     T/F Seroconversion rates appear to be increasing as the use of microisolation and ventilated-rack caging systems has become more common.

78.     List traditional serologic tests! 
79.     Why is serology not as often employed for bacterial surveillance in contrast to viral and mycoplasmal monitoring?

80.     CF and HAI are considered traditional serologic methods. CF is no longer in routine use because it is _________ and _________, whereas HAI is still commonly employed as a confirmatory test, because it is _________ and _____.

81.     Explain how the Hemagglutination inhibition test works! 
82.     Why is the indirect ELISA, a solid-phase immunoassay, the method most often used to screen serum samples for antibodies to infectious agents?

83.     IFA, another solid-phase immunoassay is rarely used as primary screening assay since its results have to be read manually. With IFA, virus-infected cells and uninfected cells are fixed to wells on a glass slide, using cold acetone. The binding of primary antibodies to the solid phase in the IFA is demonstrated with an FITC-labeled antispecies immunoglobulin. Slides are covered with buffered mounting medium and examined with fluorescence microscope. How are antibody-virus reactions differentiated from nonspecific reactions?

84.     What is the major advantage of IFA over other serologic methods? 
85.     What is important to consider when a microbiological monitoring program needs to be developed that should be both effective and practical?

86.     What are the criteria for the selection of infectious agents to be excluded from rodent colonies? 
87.     T/F Gnotobiotic animal colonies must be monitored for any exogenous microorganism. 
88.     SPF colonies have to fulfill the following conditions, except: 
a.      free of ectoparasites, metazoan endoparasites, and pathogenic enteric prtozoa 
b.      test negative for antibodies to most exogenous viruses, regardless of pathogenicity 
c.      bacteria, including pathogenic bacteria and opportunists. 
89.     Why should viruses be excluded even when non-pathogenic? 
90.     The microorganisms selected for monitoring in mice and ras have been compiled, and the basis for their selection has been categorized, in the ________ published by the National Institute of Health. 

91. Accurate, meaningful results require that an adequate number of the appropriate animals be sampled on a sufficiently frequent basis. What animals should be selected so that one can state that they are representative of the microbiological condition of the colony as a whole?

        92. List the different housing paradigms, which can be chosen to maximize exposure 

                of the animals to be sampled to infectious agents!   

        93. There are occasions when it is helpful to use sentinels of one species to monitor 

                principals of a second. Explain such a situation!

        94. Match the following types of sentinels with the purpose of testing:

                A) retired breeder                      i)     diagnosis of certain latent infections

                B) immunocompetent sentinel     ii)    pathology, bacteriology, parasitology

                C) sentinels of multiple ages           iii)   production colonies

                D) immunocompromised or                 iv)   serology

                     Immunosuppressed sentinels

        95. How long should sentinels be kept in the colony before first sampling? What 

                should be considered when sentinels become clinically ill?

96. Guidelines regarding sample sizes for detection of adventitious infections have been developed by using various statistical formulas. In essence, these formulas demonstrate that the sample size required for detecting infection with a certain degree of confidence decreases/increases as the prevalence of infection, or positive reactors, decreases/increases. 

97.     T/F Sample size is also related to the number of animals in a colony. The number of animals that must be sampled to achieve a certain level of confidence increases as the colony size decreases.

98.     Define prevalence and incidence!

99.     In discussions of laboratory animals health surveillance the __________ formula is often cited for determining sample size. What does the correctness of sample size depend on when using this formula? How is the accuracy influenced by the trend away from open cages toward filter-top microisolation cages?

100. T/F The relevance of the sampling formulas to sentinel animals kept on pooled, soiled bedding has not been addressed.

101. The frequency of testing should be adjusted based on historical contamination rates. Interpret the importance/frequency of bacteriology, serology, and parasitology in regards of Gnotobiotic colonies, immunodeficient and immunocompetent rodents, and barrier rooms!

102. Implementation of health surveillance requires a systematic approach. List the logical steps of translating the decisions on agent selection and sampling into a program of consistent and routine testing!

103. What do sensitivity and specificity mean in regards to a diagnostic assay?

104. List reasons for false-negative and false-positive results!

105. Name some of the most common sample selection errors!

106. When your lab results come back positive how should you react?     

                                                                                                                                             

Answers:
1.      Biosecurity and health surveillance 
2.      The main incentive is to prevent, contain, and eradicate adventitious infections to guard against the involved research complications and public health dangers. 

3.      Best by depopulation and disinfection, followed be repopulation with SPF replacements or rederived descendants; if former mentioned not feasible by breeding moratorium, chemotherapy, or vaccination attempts, although limited applicable and risky; important to eliminate source of infection and associated risk factors.

4.      Biosecurity: pest control program, disinfection of supplies and equipment, filtration of water and air, personnel attire, screening of biological materials for viral contamination

Health surveillance: detection of parasites, bacteria, and viruses by direct gross and microscopic examination, cultural isolation, serology, and molecular testing by PCR; implementation of testing schedules including agents for which to screen, type and number of animals to be sampled, and sampling frequency

5.      F. 
6.      Gnotobiotic: animals are axenic (not contaminated by or associated with any foreign organisms) or have a defined microflora consisting of a few nonpathogenic bacteria

Specific pathogen free: animals tested negative for a limited list of exogenous viruses, bacteria, and parasites that may cause disease or otherwise interfere with research

Conventional: animals that are maintained with minimal micriobiological quality control and thus have a nominally defined microflora that often includes pathogens.

7.      Reservoir of infection: an alternate or passive host or carrier that harbors pathogenic organisms, without injury to itself, and serves as a source from which other individuals can be infected. Besides an animal species, it could be the environment itself (Clostredium tetani). 

8.      The source of an organism for transmission to a susceptible host is not necessarily the same as its reservoir (e.g. the source of L. monocytogenes for an SPF colony might be food or bedding contaminated by the reservoir animal). Distinction between the two is important. It is easier to eliminate the source.

9.      direct animal-to-animal contact, indirect transfer via and inanimate vehicle = fomite, or an animate vector; vertical = contact transmission in utero or at birth; horizontal = postpartum through droplets or intimate contact; fomite = airborne of by common vehicles such as food, water, bedding, equipment etc., iatrogen = infections acquired during the course of treatment, transmitted by the physician, veterinarian, or other medical personnel 

10.     biological vector = essential to the life cycle of the pathogenic organism; mechanical vector = just carrying pathogen to the host

11.     F. LDV not easily transmitted from mouse to mouse although causes persistent viremia and excreted in large amounts; transmitted mainly by parenteral injection with contaminated biological materials.

12.     LCMV in mice and cytomegalovirus in guinea pigs because vertical transmitted 
13.     Cilia-associated respiratory bacillus, Sendai virus 
14.     Eperythrozoon coccoides in mice and Hemobartonella muris in rats. Note: arthropod vectors play a minor role in the transmission of rodent pathogens.

15.     c 
16.     Source: wild or escaped rodents - risk factor: inadequate pest control program, structural defects on buildings/facilities

Source: transferred rodents - risk factor: inadequate health surveillance program

Source: personnel - risk factor: manipulating animals without PPE (gown, mask, disinfected gloves

17.     Passive: animals are observed for clinical disease only, active: microbiological status additionally assessed by laboratory testing; active!

18.     bacterial spores, free-living stages of parasites (e.g. pinworm eggs and protozoan cysts), nonenveloped viruses 
19.     d 
20.     autoclaving, gamma radiation (usually emitted from 60Co source), UV irradiation, filtration 
21.     less, greater, the difficulty I achieving uniform steam penetration and temperature throughout a load 
22.     renders microorganisms nonviable by causing breakage in their nucleic acid 
23.     No; but damages DNA by production of thymine and other pyrimidine dimmers; this is a reversible process in contrast to DNA breakage

24.     False; vice versa; UV good water disinfectant 
25.     microfiltration (range 0.1-10.0 ¥ìm), ultrafiltration (range 1000-1,000,000 molecular weight), or reverse osmosis (low-molecular-weight molecules, including salt)
26.     ultrafiltration or reverse osmosis, microfiltration retains bacteria, fungi, and their spores but not necessarly viruses

27.     Depth filters entrap and adsorb. They have a high ¡°dirt-handling¡± capacity and are used for high-efficiency particulate air (HEPA) filtration and for clarification of particle-laden liquids. In contrast, membrane filters exclude particles according to pore size.

28.     Picornaviridae - Human = poliomyelitic virus, Rodent = TMEV 

Reoviridae - Human = reovirus, rotavirus, Rodent = reovirus, mouse rotavirus

Coronaviriday - Human coronavirus, Rodent = MHV, SDAV

Adenoviridae - Human adenoviruses, Rodent = Mouse adenovirus

29.     Denaturants: Quaternary ammonium compounds (benzalkonium chloride), phenolics, alcohols 

Reactants: aldehydes (formaldehyde, glutaraldehyde), ethylene oxide

Oxidants: halogens (chlorine bleach, chlorine dioxide, povidone-iodine), peroxygens (H2O2, peracedic acid), ozone

30.     T; phenolics and quaternary ammonium compounds more potent against lipophilic, enveloped viruses; oxidants inactivate hydrophilic as well as lipophilic viruses (see table IV, page 371 for examples)

31.     temperature, pH, chemical ¡°demand¡± of the medium being treated, present dirt and organic matter, formed biofilms (clumps of bacteria surrounded in slime that resist chemical disinfectants)

32.     Viral contamination rate is highest for transplantable tumors passaged in vivo, whereas that for cells grown in culture is comparable low.

33.     mouse and rat antibody production tests (MAP and RAP), lately also PCR 
34.     a. effective pest control 

b. animal care technicians should not have pet rodents

c. limit access to facilities and breeding rooms: dedicated staff for each room if possible, if not flow of people and supplies from ¡°clean¡± to ¡°dirty¡±, no visitors who had recent contact to other rodent colonies

d. protective clothing to minimize exposed skin

e. limitation of animal-human contact by housing in microisolation cages

f. manipulation of rodents in laminar flow hoods and handling them with disinfected forceps or disinfected gloves

        35. d, break the cycle of infection by instituting a 6 to 8 week moratorium on breeding 

            and on the introduction of susceptible animals

36.     (1) gross and microscopic examination of animal specimen, (2) cultural and in vivo isolation of microorganisms, (3) infectious agent detection and identification by microscopic, biochemical , serologic, and genetic (or ¡°molecular¡±) techniques, (4) serology for detection of microbial antibodies formed in response to infection

37.     seroconversion 
38.     Helicobacter hepaticus 
39.     immunohistochemistry or in situ hybridization 

        40.     a) and ii +iii

b)      and v 
c)      and vii 
d)      and i 
e)      and iv 
f)      and vi 
41.     Because immunocompetent animals usually clear viral infections rapidly; different viral species and strains have diverse host ranges in culture and tissue tropisms in vivo, making host and specimen selection problematic; some fastidious viruses such as mouse thymic virus (MTLV) will not grow in any cell-culture system

42.     a) crystal violet and bile salts 

b) submaxillary lymph node

c) A and v

    B and iv

    C and i

    D and iii

    E and ii

        43.     Viral tropism means that viruses infect discrete populations of cells, tissues, and organs. Sendai virus is referred as pneumotropic, MHV-JHM and TMEV are neurotropic, and reoviruses are pantropic replicating in many host tissues and organs.

        44. 1. cell culture (immortalized cell lines, primary cell cultures enzymatically dispersed directly from animal tissues, explant cultures consisting of tissue fragments)

                2. laboratory animals, particularly neonatal mice, but also immunodeficient hosts such as nude mice, or laboratory animal strains for which a particular viral infection is more pathogenic

                3. embryonated eggs

        45. hemadsorption (e.g. Sendai agglutinates erythrocytes), immunofluorescence with virus-specific antibodies, or electron microscopy

        46. False. Animal hosts are less susceptible.

        47.     a) Mouse Antibody Production test and Rat Antibody Production test              b) for detecting murine viruses in rodent-based biological specimen and for

                    immunity to LCMV Note: Redundant testing of study mice for exposure to

                LCMV by serology and lethal challenge is justified because of the public health

                significance of this virus. (Intracranial challenge with a lethal dose of LCMV   

                administered no sooner than 2 weeks after test article inoculation. If test article 

               contain LCMV, study mice would be preimmunized and thus survive.)

        c) Immunocompetent postweaning mice, free of exogenous viruses, are 

                 inoculated with a test article by multiple routes. MAP mice are then housed in

                 strict isolation to prevent adventitious infection. After at least 4 weeks collected

                 serum is assayed for virus-specific antibodies.

        d) It is time-consuming, taking at least 5 weeks to complete.

48.     does not; PCR ; LDH activity

49. Although an antigen-antibody reaction is itself highly specific, a given antigen might be represented on a number of different microorganisms. Hence, the test is not as specific.

50. somatic, flagellar, cell-wall carbohydrate 

51. F. this tests can be applied as antigen assays and as antibody assays.

52.     fluorescent dyes (fluorescein isothiocyanate  [FITC] most popular) 

        enzymes (horseradish peroxidase [HRP], alkaline phosphatase [AP])

        radioisotopes

53. Heterogeneous indicates that each incubation period is followed by a wash step to separate antigen-antibody complexes bound to the solid phase from unbound antigen or antibody. The term solid phase refers to the surface, frequently a glass microscope slide or wells in a plastic microtiter plate, to which an antigen or capture antibody is attached. 

54. Fluorescence microscope or fluorometer, incubation with substrate

55.The intensity of the color is proportional to the quantity to enzyme-labeled antigen-antibody complexes. The color development can be read visually in a qualitative or semiquantitative fashion or with a spectrophotometer to obtain quantitative optical density readings. 

56. Cells or cryostat-cut tissue sections are fixed in cold acetone to preserve microbial antigens and make cell membranes permeable to antibodies. In the direct method, labeled antibodies to the target microorganism are incubated with the specimen in one step. In the indirect method, the binding of unlabeled antigen-specific antibodies to a specimen is detected by labeled secondary antispecies IgG antibodies, also referred to as anti-immunoglobulins. Note: Protein A and protein G, derived from the cell wall of Staphylococcus areus and certain streptococci, respectively, bind certain IgG subclasses from various species and thus can sometimes be substituted for species-specific secondary antibodies. 

57.      F. Immunochemical staining of formalin-fixed tissue can be performed, provided that tissue sections are first digested with trypsin to unmask microbial antigen.      

58.     Antigen-detection solid-phase immunoassays have a limited sensitivity because of background noise (e.g. endogenous tissue enzymes, such as peroxidases). A commercial human rotavirus enzyme immunoassay was applied to the diagnosis of mouse rotavirus infections because of a common, inner-capsid antigen shared by all human and animal group A rotaviruses that is targeted by the test. An inhibition enzyme immunoassay for the infectious diarrhea of infant rats (IDIR) group B rotavirus was developed to evaluate the relevance of such a bethod for diagnosing group B and other non-group A rotavirus infections in people.  

59.     The specificity of molecular methods is a consequence of the unique pairing that occurs between nucleotide bases on complementary strands of DNA or RNA. Nucleic acid hybridization refers to the separation of DNA into single strands - i.e., denature - at high temperature (90-100¢ªC) and renature according to complementary base pairing when incubated at a lower temperature (65¢ªC) with a complementary DNA (cDNA) or cRNA probe. 

60.     liquid phase, solid phase, and in situ hybridization, the latter is the molecular equivalent of immunocytochemistry  

61. Southern blotting = reporter probe is used to detect DNA, Northern blotting = probe hybridizes to RNA

62. 1) denaturing the sample nucleic acid

        2) incubating the probe with the sample under conditions that permit stable probe-target hybrids to form

        3) detecting the hybrids, usually by measuring the signal emitted by a label  

63.     Reporter probes can be labeled directly or indirectly with radioisotopes, enzymes that act on chromogenic or chemiluminescent substrates, or fluorophores.    

64. fixed target quantities in specimens and background due to nonspecific binding of the labeled probes

65. polymerase chain reaction

66. Many viral infections are short-lived and convalescence of the host is complete, making attempts at virus detection futile regardless of the assay sensitivity. 

67. Synthetic oligonucleotide primers (15-20 bases long) hybridize, or anneal, to complementary sequences in the target nucleic acid. The primers determine the sequences that are replicated, because the DNA polymerase used in the PCR can initiate synthesis of a complementary DNA strand only by extending a hybridized primer.    

68. a) conserved regions of the microbial genome (such as the parvovirus NS-1 gene); b) species- or strain-specific genomic sequences 

        Note: Primers for bacterial PCR assays are generally designed form ribosomal RNA (rRNA) since those have been extensively analyzed and contain both conserved and differential sequences

69. A thermocycler is a programmable block that automatically performs 30-50 cycles per assay, each lasting little more than a minute.    

70. Yes, but RNA targets must first be transcribed into cDNA templates by reverse transcriptase (RT). RT-PCR is particularly useful for detection of RNA viruses.  

71.     approximately 100,000 copies

72.     eithidium bromide-stained agarose gels, ultraviolet light

73. Since PCR is capable of detecting a single copy of target nucleic acid, contamination of negative specimens with target DNA from previously amplified templates, positive controls, or positive samples represents  a major challenge for high-throughput testing of clinical specimens with PCR.

74.     a) the opposite is necessary, the physical separation

75.     T

76.     Viral infections of immuno-competent animals are mostly transient, whereas viral antibody responses are easily detected for prolonged periods. Furthermore, a single specimen of serum can be tested for antibodies to a panel of viruses. Also, assays are inexpensive, rapid, sensitive, and specific.

77. F. Seroconversion rates appear to be decreasing. 

78.     Complement fixation (CF); hemagglutination inhibition (HAI), neutralization test (NT); enzyme-linked immunosorbent assay (ELISA); indirect immunoflourescence assay (FIA)

79. Because bacteria are genetically and antigenically complex and many antigens are shared across species, bacterial serology with whole-cell antigen is likely to detect cross-reacting antibodies to clinically irrelevant bacterial species or strain. False negative results can occur when antigen purified from one bacterial strain does not cross-react with antibodies to others or when noninvasive bacteria do not stimulate detectable antibody production.

80. CF is time-consuming and not very sensitive, whereas HAI is simple to perform and can distinguish among antibodies to different species or strains of viruses.

81.     Serial dilutions of a serum specimen are incubated with viral antigen in V-bottom microtiter plate wells and a suspension of erythrocytes is then added. If the serum specimen contains antibodies to the viral hemagglutination, these will coat the virus and prevent it from agglutinating the red blood cells. Conversely, if the sample is HAI antibody-negative hemagglutination occurs.

82.     Because it is highly sensitive, amenable to automation, and can be read with a spectrophotometer and sent to a computer to be compiled into reports. 

83.     Bright, granular fluorescence is typical of an antibody-virus reaction, whereas diffuse fluorescence is characteristic of nonspecific reactions. 

84.     With IFA one is not only able to tell whether fluorescence occurs but also to evaluate fluorescence morphology and the location of fluorescence (e.g. nuclear fluorescence), which is important for the interpretation of reactions.

85.     Choices need to be made regarding the agents for which to screen, the type and number of animals to be sampled, and the sampling frequency, and finally incorporating them into testing schedules. 

86 laboratory animal health and research effects, colony biological status (gnotobiotic, SPF, conventional colony)

87. T

88. c) Bacteria that need to be excluded depend on the immune status of the animals. Immunocompetent animals remain healthy and suitable for most research when they are kept free from infection with a small number of ¡°primary¡± pathogens whereas immunodeficient animals need to be protected against opportunists also.  

89. Viruses are obligate intracellular parasites that alter the metabolism of the host cells they infect.

90. ¡°Manual of Microbiologic Monitoring of Laboratory Animals¡±    

91. Animals of different ages, sexes, and strains should be chosen since infections and positive assay results may have an age-, sex-, or strain-dependent distribution.

92. In general, infections are transmitted most efficiently through animal contact. Fomite transmission, commonly via soiled bedding id usually more effective than airborne spread. Latter can be unreliable even for highly infectious viruses. 

93. One such occasion is when little is known about the viruses that infect a species, which is the case for gerbils (better to do serology on sentinel mice or rats to determine whether gerbils shedding murine viruses). Another example would be when the different species is more likely to become ill following infection than the principal species (e.g. gerbils uniquely susceptible to Tyzzer¡¯s disease).

94. A and iii

        B and iv

        C and ii

        D and i

95. Sentinels should be kept in a colony for at least 1 month before sampled. Sick animals should be allowed to convalesce and seroconvert before testing.

96. increases; decreases

97. T

98. Prevalence is the percentage of positive animals at a point in time in a designated area. Incidence is the percentage of new positives over a designated period.

99. binomial distribution formula; The correctness of sample size depends on the assumptions that there is a random spread of infection and that the colony includes at least 100 animals. It also depends on the accuracy of the prevalence estimate. The use of filter-top on cages may result in smaller effective population sizes and adventitious infections that spread more slowly and have a lower prevalence.

100. T

101. In gnotobiotic colonies bacteriology should be more frequently performed than serology and parasitology. Bacteriology should also be performed often on immunodeficient rodents for which many opportunistic bacteria are pathogenic, but can be done less regularly on immunocompetent SPF colonies. In barrier rooms/facilities serology is most important whereas bacteriology and parasitology can be performed less often.

102.    first - record microorganisms for which each species will be monitored

                second - assays for these agents are combined into serology, bacteriology, 

                               parasitology, and pathology panels

                third - assay panels are combined with appropriate samples (e.g. retired

                          breeders for serology, weanlins/young adults for parasitology)

                fourth - frequency of sampling

        103. A sensitive assay is one that produces a low percentage of false-negative 

results or, conversely, a high percentage of true-positive results in tests performed on exposed animals. A specific assay is one that gives a low percentage of false-positive results or, conversely, a high percentage of true-negative results in tests performed on unaffected animals.

        104. Besides being a consequence of the limits of test sensitivity and specificity,

false-positive and false-negative results can be due to sample selection and laboratory errors.

        105. Sample selection errors include sampling of acute ill animals when antibodies

are not yet detectable, faulty sample site for bacteriology specimen, small sample size, sentinels not adequately exposed via soiled bedding or contact to infectious agents carried by principals, maternal antibodies when young animals used for serology, weak or no antibody response in immunodeficient or immunosuppressed animals.

        106. Never panic when interpreting first-time positive results. Before actions

regarding elimination or containing an infection are implemented the results should be confirmed. Confirmation is accomplished by repeat testing of the positive samples, by testing additional samples, and by using alternative assays and diagnostic methodologies to support primary test results.

