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QUESTIONS

1.
LCMV is a member of the virus family __________, which includes a single genus, __________. 

2.
T /F:  Arenaviruses are split into two groups that share genetic and antigenic relationships.  If your response is true, name the two groups. 

3.
New World Arenaviruses cluster into three lineages A, B, and C.  Name three well-known Arenaviruses in the B lineage. 

4.
T/F:  Whitewater Arroyo virus is a New World arena virus within the group A lineage. 

5.
List the scientific name of the natural reservoir host for LCMV. 

6.
Name the host cellular component typically incorporated within arenavirus virions that create the appearance of grains of sand for which this group of viruses is named. 

7.
T/F:  Arenavirus genomes consist of four single-stranded positive-sense RNA molecules referred to as L (long) and S (short). 

8.
T/F:  LCMV binds to cellular receptors through the GP-1 glycoprotein. 

9.
What is the function of the LCMV structural glycoprotein GP-2? 

10.
Name the principal cellular receptor for LCMV GP-1 and other (but not all) arenaviruses. 

11.
T/F:  Arenavirus virion assembly is imprecise and accounts for the pleomorphism of arenavirus virions. 

12.
T/F: LCMV replication results in a high degree of mutation; therefore, the virus exists as a diverse “quasi-species” population of variants both in vitro and in vivo. 

13.
T/F: Different LCMV strains can be readily differentiated by conventional serological assays, peptide profiles, or morphology. 

14.
T/F: LCMV antibodies are broadly cross-reactive between different LCMV strains but do not cross-react with other arenaviruses. 

15.
LCMV strains and variants exhibit marked differences in biological behavior.  Which two statements are true? 

a.
LCMV laboratory strains Arm CA 1371 and Pasteur are lethal when inoculated into infant C3H mice 

b.
LCMV laboratory strains, Taub and WE, are not lethal to C3H infant mice 

c.
LCMV laboratory strains Arm CA 1371 and Pasteur are not lethal when inoculated into infant C3H mice 

d.
LCMV laboratory strains, Taub and WE, are lethal to C3H infant mice 

16.
T/F:  Neurotropic LCMV strains are referred to as “aggressive” because they are nonimmunosuppressive and cause illness and mortality. 

17.
T/F:  LCMV variants that induce immunosuppression following inoculation are referred to as “docile” or viscerotropic”. 

 18.
“Aggressive” LCMV variants elicit a strong immune response and are eliminated by the host immune response.  The host immune response also induces immune-mediated disease in what two organs? 

19.
T/F: “Docile” LCMV variants cause immune-mediated brain and liver disease. 

20.
LCMV is readily propagated in vitro in several common cell lines.  List three cell lines that can be used to propagate LCMV in vitro and the host species from which these cell lines are derived. 

21.
T/F:  SWR mice are resistant to challenge with LCMV strains while C3H mice are susceptible. 

22.
T/F:  LCMV has a narrow host range and can only be propagated in vitro in cells derived from pigs, hamsters, mice, and monkeys. 

23.
Historically, LCMV isolation and detection has been accomplished by ___________ (route) inoculation of adult _______ (animal model). 

24.
Which statement or statements is/are true related to the mouse bioassay method of LCMV detection? 

a.
LCMV infectivity can be quantified with LD50 or ID50 assays using serially diluted virus. 

b.
Intracerebral inoculation of immunocompetent mice results in immune-mediated lymphocytic choriomeningitis and death within 5-7 days.

c.
The mouse bioassay method is inaccurate 

d.
The mouse bioassay exhibits a asymmetrical dose response curve 

d.
The majority of intracerebrally inoculated virus remains in the brain 

25.
T/F: Enzootic infection of reservoir populations is maintained by vertical transmission of virus from persistently infected dams to their fetuses. 

26.
T/F:  LCMV-uninfected pups may be born to actively infected dams. 

27.
T/F:  LCMV is not commonly associated with contamination of rodent transplantable tumor lines. 

28.
List four routes by which mice can be experimentally infected with LCMV. 

29.
T/F: Indirect contact through aerosol exposure is sufficient to transmit LCMV.

30.
Which of the following is not true of LCMV transmission? 

a.
The urine of congenitally infected mice is not a significant source of virus 

b.
Bite wounds have been implicated as a means of transmission 

c.
Fresh urine of infected mice readily infects the excoriated skin of guinea pigs, hamsters, and rabbits 

d.
Intrauterine transmission is efficient 

e.
Virus can be transmitted from infected male mice to females during mating 

31.
Which of the following is not true of LCMV infection in guinea pigs (GP)? 

a.
GP are highly susceptible to LCMV 

b.
GP develop interstitial pneumonia following indirect exposure to enzootically infected mice 

c.
GP do not become persistently infected with LCMV and always exhibit clinical signs once infected 

d.
GP can become persistently infected with LCMV and remain asymptomatic

32.
LCMV is highly pathogenic for New World callitrichids which develop a fatal ________ (name disease) after ingesting infected infant mice. 

33.
T/F: Lassa virus is an Old World arenavirus associated with hemorrhagic fever (Lassa fever) in humans 

34.
T/F: LCMV infection in humans is often fatal. 

35.
T/F: LCMV is transmitted efficiently in utero in pregnant women. 

36.
All arenaviruses known to infect humans are transmitted from rodent reservoirs to humans by contact with what two rodent excretions? 

37.
What commonly sold pet rodent poses the highest risk of human infection with LCMV? 

38.
T/F: Hamsters are very susceptible to LCMV and shed large amounts of the virus in their urine. 

39.
In 2005 LCMV was documented to be transmitted from one infected human organ donor to four organ transplant recipients. What was the suspected source of the donor’s infection? 

40.
Explain how natural LCMV infection is maintained in wild-mouse populations. 

41.
Which of the following is not true of LCMV infection in mice with immature immune systems 

a.
Infection is lifelong if it occurs in utero or in the very early neonatal period 

b.
Mice develop a selective lifelong defect in CD8+ T cell responsiveness restricted to LCMV (immune tolerance) 

c.
Mice develop a selective lifelong defect in CD4+ T cell responsiveness restricted to LCMV (immune tolerance) 

d.
Although selective deletion of LCMV-specific T cells occurs, total immune tolerance to LCMV does not occur 

e.
Mice develop LCMV-specific antibodies that eventually leads to immune complex disease, also referred to as “split tolerance” 

42.
List two complications of immune-complex disease. 

43.
Describe the difference in disease course following experimental infection of adult mice with “docile” or “aggressive” LCMV strains via natural routes. 

44.
List three characteristics of mice infected in utero or neonatally with LCMV. 

45.
T/F: The immune-mediated “late onset disease” characteristic of mice infected with LCMV in utero or during the early neonatal period is dependent on the virus strain and the genetic background of the mice. 

46.
Which of the following mouse strains is most resistant to late onset disease (SWR/J, B10D2, NZB, NZB/W, AKR, A, C3H)? 

47.
Which of the following mouse strains is most resistant to late onset disease (SWR/J, B10D2, NZB, NZB/W, AKR, A, C3H)? 

48.
LCMV viral antigen has the greatest concentration in what three tissues in mice infected in utero or neonatally? 

49.
T/F:  In utero transmission of LCMV does not effect litter size or cause fetal mortality. 

50.
T/F:  Mice infected with LCMV in utero or neonatally are CD4+ cell tolerant but produce antibody to the virus. 

51.
What is the predominant antibody produced in mice infected with LCMV in utero or neonatally and is this antibody neutralizing? 

52.
LCMV generated immune-complexes are deposited primarily in what three tissues? 

53.
T/F: Mouse strains producing high levels of endogenous IFN are prone to develop more severe glomerulonephritis following LCMV infection. 

54.
List the following strains of mice from highest to lowest endogenous IFN production:  C3H, Swiss, BALB/c 

55.
Name the compound used to induce earlier onset of “late onset disease” in neonatal mice experimentally infected with LCMV. 

56.
T/F:  LCMV infected neonatal mice that experience early onset of “late onset disease” are referred to as “runt mice”. 

57.
Describe the physical appearance of “runt” mice. 

58.
List three endocrine disorders that can manifest in mice infected with LCMV in utero or neonatally. 

59.
Describe the pathogenesis of LCMV-induced growth hormone deficiency syndrome. 

60.
Diabetes in LCMV-infected mice results from LCMV infection of which cell type? 

61.
Name the hallmark lesion seen in LCMV inoculated adult mice. 

62.
T/F:  LCMV-induced brain lesions generally occur only in mice inoculated intracerebrally. 
63.
T/F:  Immunosuppression can abrogate LCMV disease in mice, including neurologic disease. 

64.
T/F:  Persistently LCMV infected mice inoculated intracerebrally as neonates viral antigen is widespread throughout the parenchyma, with minimal to no involvement of the meninges.  

65.
LCMV antigen is confined to the meninges and ependyma in mice inoculated intracerebrally as ________ (adults or neonates). 

66.
The major effector of lymphocytic choriomeningitis is the ______ (cell type), which recognizes LCMV antigen in the context of ________. 

67.
T/F: Lymphocytic choriomeningitis can occur in mice that are CD8+ T cell deficient. 

68.
T/F: LCMV infection leads to more severe lymphoid organ pathology in adult mice than in prenatal or neonatal mice. 

69.
T/F: Prenatal or neonatal mice infected with LCMV strains or variants with a high affinity for the alpha-dystroglycan receptor develop severe immune-mediated necrosis of the splenic white pulp and T cell regions of lymph nodes. 

70.
T/F: LCMV-related hepatitis is not dependent on virus strain, route of inoculation, or mouse genotype. 

71.
List the following strains of mice in the order of LCMV susceptibility from most susceptible to most resistant:  BALB/c, Swiss, C57BL/6 

72.
T/F:  BALB/c and DBA/2 strains of mice are very susceptible to LCMV. 

73.
What mouse strain develops autoimmune hemolytic anemia when infected with LCMV? 

74.
Which MHC class I locus is a determinant of host susceptibility to LCMV in mice? 

75.
T/F:  CD8+ T cells are the major effector of virus elimination. 

76.
T/F:  CD4+ T cells and neutralizing antibodies are not required for full recovery from LCMV in mice. 

77.
Which mouse strain is susceptible to LCMV because they have low levels of CD8+ T cells when compared to other mouse strains? 

78.
T/F:  Mice that become persistently infected with LCMV as fetuses or neonates become tolerant to the virus and only have impaired immune responses to LCMV. 

79.
T/F:  Mice that become infected with LCMV as adults can develop tolerance. 

80.
A major mechanism of LCMV immunosuppression is mediated through preferential targeting of what cell type? 

81.
T/F: Perforin-deficient mice cannot eliminate LCMV infection. 

82.
Virus-neutralizing antibodies control LCMV infection and are required for maintenance of memory _______ (CD8+ or CD4+) T cell type. 

83.
T/F: Interferon (IFN) levels vary between mouse strains and IFN influences LCMV susceptibility. 

84.
Mice with _______ (high/low) levels of interferon develop more severe liver disease than mice with ________  (high/low) interferon levels. 

85.
What is the most common effect of LCMV on research? 

86.
T/F:  LCMV has not been shown to contaminate human cell lines. 

87.
Which statement is false about LCMV effects on immunosuppression? 

a.
LCMV-infected mice may exhibit suppressed immune responses to LCMV, other viruses, tumors, bacterial endotoxin, and eperythrozoon coccoides. 

b.
LCMV infection does not delay rejection of skin grafts. 

c.
LCMV infection delays rejection of tumor allografts. 

d.
LCMV infected mice are more susceptible to lymphoma as they age than uninfected mice. 

88.
T/F: Mice that become persistently infected after experimental infection with LCMV can develop behavioral abnormalities. 

89.
List two behavioral abnormalities that have been reported in persistently LCMV infected mice. 

90.
T/F: Part of the learning deficit apparent in persistently LCMV-infected mice may be the result of cholinergic dysfunction.  

91.
If question 90 is true, name the cholinergic antagonist used to make this determination. 

92.
T/F: LCMV infection can accelerate the course of autoimmune disease in NZBNZWF1 mice. 

93.
Autoimmune insulitis of _________ (what mouse strain) can be prevented by infection of ________ (adult / neonatal) mice with LCMV-Arm 53b, a __________ (lymphocytotropic / viscerotropic) strain of LCMV. 

94.
Which serologic assay is the least sensitive for human or rodent serodiagnosis of LCMV? 

95.
Which of the following statements is false? 

a.
Pregnant women should never work in areas at risk for LCMV infection of mice or contamination of biological products 

b.
Serologic surveillance is not optimal for detection of LCMV and requires the use of adequate sample sizes of adult mice 

c.
LCMV infection is easy to detect serologically in breeding populations of mice 

d.
Rederivation requires nucleic acid detection by PCR to ensure that donor mice and offspring are not persistently infected. 

e.
LCMV infects female germ cells and can contaminate sperm 

96.
LCMV infected mice require CDC _________ (biosafety level) containment facilities.  Why is this Biocontainment level necessary?


ANSWERS
1.
Arenaviridae, Arenavirus, p.180 

2.
True, Old World group, New World group,  p.180 

3.
Junin Machupo, Tacaribe.  Other B lineage arenaviruses include Guanarito, Sabia, Amapari,  P.180 

4.
True, p.180 

5.
Mus musculus,  p.181 

6.
Variable number of host ribosomes, p.181 

7.
False:  two single-stranded, negative-sense,  p.181 

8.
True, 182 

9.
Fusion of LCMV to host cellular receptors,  p.182 

10.
the glycoprotein, alpha-dystroglycan, p.182 

11.
True, p.182 

12.
True, p.182 

13.
False – Different LCMV strains cannot be readily differentiated by conventional serological assays, peptide profiles, or morphology, p.182 

14.
False – LCMV antibodies are broadly cross-reactive between different LCMV strains and with other arenaviruses, p.182 

15.
A and B, p.183 

16.
True, p.183 

17.
True, p.183 

18.
Brain, Liver, p.183 

19.
False, p.183 

20.
BHK21 (hamster), Vero (monkey), L (mouse), p.183 

21.
True, p.183 

22.
False – LCMV has a broad host range and can replicate in cells derived from humans, monkeys, pigs, cattle, guinea pigs, rabbits, mice, chicks, and ticks, p.183 

23.
Intracerebral, mice, p.184 

24.
A-D are true, E is false because the majority of intracerebrally inoculated virus becomes hematogenous, p.184 

25.
True, p.185 

26.
True, p.185 

27.
False, p.185 

28.
intracerebral, intragastric, intraperitoneal, dermal scarification, intradermal, subcutaneous, intravenous, intranasal, p.185 
29.
True, p.185 

30.
A, p.185 

31.
C, p.186 

32.
hepatitis, p.186 

33.
True, p.186 

34.
False- LCMV infection in humans is rarely fatal, p.186 

35.
True, p.186 

36.
urine, saliva, p.187 

37.
hamsters, p.187 

38.
True, p.187 

39.
A pet hamster, p.187 

40.
LCMV is maintained in wild mouse populations through vertical transmission from infected dams to their fetuses resulting in a persistently infected population that transmits the virus from generation to generation, p.187 

41.
C, pp.187-188 

42.
glomerulonephritis, arteritis, p.188 

43.
Aggressive LCMV strains elicit an immune response in adult immunocompetent mice that results in CD8+ T cell-mediate disease in multiple organs, especially the brain and liver. The host immune response and not the virus is responsible for disease pathogenesis.  Inoculation of adult mice with docile viral strains results in profound immunosuppression and persistent infection and do not develop immune-mediated disease, p.188 

44.
High viremia, no detectable circulating antibody, disseminated infection, infection is lifelong, p.188 

45.
True, p.188 

46.
SWR, p.188 

47.
AKR, p.188 

48.
Brain, liver, kidney, p.188 

49.
False, p.189 

50.
False – they are CD8+ cell tolerant, p.189 

51.
IgG1, non-neutralizing, p.189 

52.
Renal glomeruli, arteries, choroid plexus, p.189 

53.
True, p.189 

54.
C3H (high)> Swiss (intermediate)> BALB/c (low), 189-190 

55.
Antithymocyte serum, p.190 

56.
True, 190 

57.
marked growth retardation, oily skin, alopecia, joint stiffness, ataxia, p.191 

58.
Growth hormone deficiency syndrome, Diabetes, Thyroid dysfunction, p.191 

59.
LCMV infects growth-hormone producing cells in the anterior pituitary leading to selective down-regulation of growth hormone transcription.  Susceptibility is not linked to the alpha-dystroglycan gene on chromosome 9, but rather maps to a chromosome 17 locus.  The viral component that likely mediates LCMV-related selective dysfunction of growth hormone is viral NP. P.191 

60.
pancreatic beta-islet cells, p.191 

61.
lymphocytic choriomeningitis, as well as inflammation of the ependyma and choroid plexus, p.192 

62.
True, p.192 

63.
True, p.192 

64.
True, p.193 

65.
Adults, p.193 

66.
CD8+ T cell, MHC Class I, p.194 

67.
True, p.194 

68.
True, p.194 

69.
False- neonatal or prenatal mice infected with LCMV develop negligible pathology in lymphoid organs; however, adult mice develop severe necrotizing lesions in spleen and lymph nodes resulting in global T cell exhaustion and persistent infection. P.194 

70.
False- LCMV hepatitis depends on all three of these factors- the virus strain, dose, and route of exposure, p.195 

71.
Swiss > C57BL/6 > BALB/c, p.195 

72.
False – BALB/c and DBA/2 are the most resistant strains of mice to LCMV, p.195 

73.
C3HeB/FeJ, p.196 

74.
H-2 locus, p.197 

75.
True, p.198 

76.
False – both cell types are required for complete recovery, p.198 

77.
DBA/2, p.198 

78.
True, p.199 

79.
False- mice infected as adults with LCMV do not develop tolerance, they develop immune exhaustion instead and have impaired immune responses to all antigens, p.199 

80.
Dendritic cells  because they express high levels of the viral receptor alpha-dystroglycan, p.199 

81.
True, p.199 

82.
CD8+ T cells, p.201 

83.
True, p.202 

84.
High, Low, p.202 

85.
It’s presence as an adventitious agent in primary cell lines, serially propagated cell lines, and transplantable tumors of mouse and hamster origin, p.202 

86.
False- LCMV can contaminate human cell lines, p.202 

87.
B- LCMV infection does delay rejection of skin grafts, p.203 

88.
True, p.203 

89.
Increased latency when subjected to open-field tests, decreases in the level required to elicit a startle response, decreased locomotor activity in a running wheel, deficits in acquisition of Y-maze discrimination, p.203 

90.
True, p.203 

91.
Scopolamine, p.203 

92.
True, p.203 

93.
NOD, neonatal, lymphocytotropic, p.203 

94.
CF (complement fixation), both IFA and ELISA are more sensitive and specific than CF for LCMV serologic detection, p.203 

95.
C – Breeding populations of mice can shed high levels of virus, transmit virus vertically and may have no detectable antibody, p.204 

96.
BSL-3 is required because of the zoonotic potential and risk of aerosol transmission, p.204 

