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mask clinica l signs. Ana lgesia can be used to alleviate any pain/discomfort not related to rabies ( e.g. injury due to 
fighting with cage mates) . Anest hesia will be used as needed to minimize distress/discomfort due to antiv iral 
treatment. The maj ority of animals will be eutbanized at first onset of rabies virus infection and a significant 
number of animals are not expecte d to rap idly progress as described above. Based on ptior experience, 3-10% of 
animals that develop signs ofrabies are expecte d to progress to death before euthanasia can be adm inistered . 
These animals will subsequently be categorized as pain category E. In addition, if anima ls have general signs of 
disease (e.g . ruffled fur, hunching, etc.) but do not have specific signs of rabies (such that they do not meet the 
eu thanasia criteria) but are later euthan ized, then these animals will also be repo rted in category Eat the time of 
annua l review. Using the clinical signs ofrabies as the experimenta l endpoint instead of death prevents four to 
five days of suffering in animals. Approximately 7 days follow ing inoculation of rab ies virus, control anima ls 
may sta rt to show signs of rabies. Startin g day 7 post-infec tion through day 21 post- infectio n, all experimenta l ly 
jnfected animals will be checked twice daily by vetednary or program staff in addition to checks by routine 
husbandry staff. Additionally, program associates are on call at all times dming an infect ion . 

Protocol: J 
Species (common name) : Hamste r 
Number: 2 
Explanation of procedure produc ing pain and/or distress: 
This study a ims to exam ine the effectiveness of Griffitbsin to inh ibit rabies v irus when used as a part of a pre or 
post-exposure prophy laxis in hamsters . Syrian hamsters are we ll established in the literature for rabies 
pathogenes is studies and the evaluation of biologics . The developme nt of clinica l rabies infection is expected to 
occur in a subset of the infocted anima ls. There are occasio nally animals that progress to a tenninal state befo re 
they can be humanely euthanized . 

Justification why pain and/or distress could not be relieved: 
All animals infected with rabies virus wiU be euthanized at the onset of clinical signs of rabies acco rding to the 
liste d euthanasia crite ria. The majo rity of animals will be humane ly euthanized, and we do not expect a signi ficant 
number of animals to experie nce pain or distress. Analges ia can be used during the study to treat any non-rabies 
related condition . However, animals infected with rabies virus may progress rapid ly from an apparently healthy 
status to a terminal state . This can occur occasionally over night or between routine check periods. Based on our 
prior experience we might expect 3-10% of ani mals that develop signs of rabies to prog ress to death before 
euthanas ia can be administered. To minimize these deaths, we have deve loped a rabies specific pain scale to help 
us euthan ize those animals that show specific neuro logica l rabies signs before they succumb to the disease . Us ing 
the clinical signs of rabies as the experimental endpoint instead of death prevents four to five days of suffering in 
mice (Hartinger, et al. 200 I). Approximately 7 days following inoculation ofrabies v irus , control animals may 
stait to show signs of rab ies. Sta1tin g day 7 post-infect ion through day 21 post- infection, all experi mentally 
infected animals will be checked twice daily by veterinary and/or program staff. Additionally, program associates 
are on call at all times during an infection. In the ra re case that we find any animal dead dur ing the study , these 
animals will subseque ntly be categorized as pain category E. 

Protocol : K 
Species (common name) : Hamster 
Number: 6 
Explan ation of proced ure producin g pain and/or distress: 
Curren tly there are no approved antiviral therapies available to treat Nipah virus disease in humans. Recently a 
novel single-dose, non-infectious, messe nger RNA (mRNA)-base d vacc ine platfo1m was shown to be effective in 
both sma ll animal and non-human pr imate models of Zika virus infection. Since this platform does not utilize any 
live replicating virus vector , it is less likely to cause adverse effects. In this vaccinat ion + virus challenge study, 
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Protocol: L 
Species (common name): Mouse, white-foo ted (lab bred) 
Number: 20 
Explanation of procedure producing pain and/or distress: 
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Pain Class Eis necessary during the 4-5 day duration of nymphal tick feeding. Mice must be housed on wire 
grates over approximately ½" of water to collect ticks as they detach from the mice. After the ticks have attached 
(,--3 hours) mice will be provided with a 9 cm petri dish lid as a platform on which to rest during the tick 
feed. During the last 24 hours of the tick feed, when the replete ticks will be dropping off the mice, the platform 
will be removed and the mice will not have a resting place. 

Justification why pain and/or distress could not be relieved: 
Wire grate housing is necessary for the safety of individuals handling the mice during tick feeding and to prevent 
mice from ingesting the fed ticks. The removal of the resting platform during the last 24 hours of the tick feed is 
necessary to prevent the platfonn from collecting the replete ticks and thus allowing for ingestion of the ticks by 
the mice. 
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we are investigating the use of this m.RNA vaccine against Nipah virus using a hamster model. Hamsters are an 
estab lished disease model ofN ipah viruses and show simila r pathoge nesis and disease as humans. Nipah virus 
causes severe encephali tis and respiratory disease in humans and similar sympto ms may present in hamsters. 

Justification why pain and/or clistress could not be relieved: 
All effor ts will be made to ensure that the an imals experience the least amount of pain and distress as is 
absolutely necessary to accomp lish the goa ls of the experiment. Howeve r, in these stud ies anima ls that 
demonstrate cli nical signs but do not meet end-point criteria wi ll be followed and not euthanized at first sign of 
disease , as recovery may occur: In addition, some of the vb.uses may cause sudden onset and rapid progression in 
a proportion of anima ls which may prevent euthanasia . Analgesics have been proven to interfere with 
immunologic responses and can exacerbate liver damage. It is also known that infl amma tion and inflamm atory 
mediators may play a major role in the pathogenesis of Ni pah virus infection diseases. Based on these factors, 
ana lgesics shou ld not be used since they co uld affect the clinical outcome of the disease and interfere with 
assessment of therapeutics, and thus alter the theoretical basis of the experiment. All anim als will be monitore d 
daily by an experienced aninml care technic ian or the PI for signs of clinical illness ; a pain/euthanasia sca le that 
takes into accou nt the total health parameters of each indiv idual animal will be util ized to detennine approp riate 
endpoints to prevent Lmnecessary suffering and pain. Animals sco red at 8-9 points will be monitored two times 
per day. Animals scored at 10 total points or above will be humane ly euthanized, and euthanasia will be 
per formed prior to endpo int crite ria being reached whenever possible. 
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Protocol: D 
Species (common name): Fruit Bat 
Number: 11 
Explanation of procedure producing pain and/or distress: 

57-F-0004_FY19_E2.pdf 

R. aegyptiacus are the only known natural reservoir for Marburg virus . This finding has led to the use of this 
animal as the only appropriate natural reservoir animal model for the study of MaTburg virus. The objective of this 
study is to investigate immune responses and pathog enesis in the context ofMarbu rg virus infection using 
chemically inmmnosuppressed bats. In non-immune compromised bats , Marburg virus causes little to no disease . 
However , due to the immune suppTessive treatment of these animals , it is unknown what disease may be caused , 
but immunosuppressed bats infected by virus could potentially develop symptomatic, even severe illness that 
would require euthanasia. 

Justification why pain and/or distress could not be relieved: 
Because the suppression of specific arms of the bat immune system have never been done before, it is difficult to 
know the subsequent health outcome . As the objective is to study i1mnune responses and pathogenesis of ilie 
vims, analgesia cannot be used , as it may alter the immune response to viral infection and could mask clinical 
signs necessary to study the pathogenesis of the disease. All efforts will be made to ensure that the animals 
experience the least amount of pain and distres s as is abso lutely necessary to accomplish the goals of the 
experiment. All investigators are proper ly trained to observe the monitoring protocol and a lgorithm concerning 
the health status and euthanasia criteria of each individual animal. A euthanasia and body condition score 
algoriilim, adapted from a previously CDC lACUC approved protocol for bats, will be utilized to determine 
appropriate endpoints to prevent unnecessary pain and suffering. All animals will be monitored daily by an 
experienced animal care technician , the PI or the Co-Pl for signs of clinical illness. If the animal has attained a 
total score of 6 points or greater the animal will be observed twice daily to ensure that any animal suffe1i11g or 
discomfort is limited to as short a time period as practically possible. If any animal reaches the designated total 
score of eight (8) or more points or a loss of body weight of >20%, ilie animal will be humanely euthanized. 
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been performed in fetTets, it is believed that in the feITet model (as with most mammals) opiates are 
immunosuppressive , suggesting that their use wiU affect the outcome of infection with influenza virus and 
negatively impact the production of antibody. This would lead to unnecessary repetition of infections and an 
increase in the number of animals required. 
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The ferret is the gold standard model for influenza patho genes is and transmission studies for several 
reasons. They are naturally susceptible to influenza infec tion and they display many clinical signs similar to 
humans. The receptors in the upper and lower respiratory tracts of ferrets are also similar to humans resulting in 
compara ble tropism characteristics and the general transmissibil ity phenotypes exhibited by influenza viruses in 
humans are also demonstrated in laboratory ferrets. The majority of influenza viruses , including most strains of 
highly pathogenic avian influenza viruses, cause a mild to moderate respiratory disease in ferrets . Our laboratory 
team has studied influenza viruses using the ferret model for many years and only a fraction of the strains tested 
are capable of causing severe disease and death in this species. Nevertheless, over the years we have collected 
enough data to recognize when an animal is likely to experience severe disease and we euthan ize the animal 
before they reach this point. During the last year, a single animal (out of 177 used for experime ntat ion) passed 
suddenly during the night This animal did not show signs of pain or distress during observation on that day. This 
leads us to speculate that the ferret may have had an underlying condition that contributed to his rapid decline. 

Justification why pain and/or distress could not be relieved: 
Every attempt will be made to euthanize animals before they experience severe disease or reach a moribund state. 
Analgesia is not an option for this study because we need to record clinical signs of infection (such as fever, 
weight loss, and lethargy), which are masked by treatment. Clinical signs are monitored daily to docwnent the 
severity of disease and to quickly identify any cases in which veterinary intervention is needed. Any animal that 
loses greater than 25% body weight and/or accrues a total score of 10 on the clinical scale will be humanely 
euthanized; animals will be monitored twice daily if they reach a 3 on the clinical scale. The anima l that passed 
suddenly this year showed no signs of pain or distress during observations prior to being found dead. 

Protocol: C 
Species (common name) : Ferret 
Number: 3 
Explanation of procedure producing pain and/or distress: 
Ferrets are naturally susceptible to influenza viruses, including many non-seasonal subtypes of animal-origin . 
Because influenza virus infection in the ferret model is known to mirror that of a human infection, high titers of 
strain-specific antibody in serum is generally produced. The ferret blood volume allows for relatively large 
volumes of serum to be collected per animal reducing the overall number of animals required to meet research . 
needs. Although not all strains of highly pathogenic avian influenza A (H5Nl) virus will cause illness in ferrets, 
some of the influenza viruses studied under this protocol will be virulent for ferrets and may cause more severe 
morbidity and potentially m011ality. 

Justificatjon why pa.in and/or distress could not be relieved: 
Every attempt will be made to euthanize the animal prior to it reaching severe illness . Steps will be taken to 
reduce pain by using infectious doses that are not predicted to cause significant weight loss, clinical illness and 
death . Any anima l that loses greater than 20% body weight and/or accrues a total score of 10 on the clinical scale 
will be humanely euthanfaed. Twice daily animal visits by investigators and/or animal care staff will help to 
monitor anima ls for disease symptoms. The purpose of these studies is to generate antibody in serum of ferrets 
infected with influenza virus. We are concerned that ferrets may experience pain or distress as a result of these 
experiments. However, it could be cow1terproductive to treat them with analgesics, which may alter the immune 
response to infection causing results that are not reproducible. Specifically , the use of non-steroidal anti
inflammatory drugs (COX inhibitors) has been shown to alter the immune response during viral infection , notably 
during infl uenza A virus infection. Although studies on the use of opiates during influenza infection have not 
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CwTently there are no approved antiviral therap ies available to treat Nipah vims disease in humans. Griffithsin 
(GRFT), a natural compound isolated from red algae, has recently been shown to have ant iviral activity against 
N ipah vims . The anti -Nipah virus activity of GRFT needs to be further evaluated in a disease model of Nipah 
virus. Hamsters are an establ ished disease model of Nipah viruses and show similar pathogenesis and disease as 
humans. Nipah virus causes severe encephali tis and respiratory disease in humans and similar symptoms may 
present in hamsters. 

Justification why pain and/or distress could not be relieved: 
Ana lgesics have been proven to interfere with immunologic responses and can exacerbate liver damage. It is also 
known that h1flammation and inflammatorymediators may play a major role in the pathogenesis ofNipa h virus 
infection diseases. Based on these factors , analgesics shou ld not be used since they could affect the clinical 
outcome of the disease and interfere with assessment of therapeutics, and thus alter the theoretkal basis of the 
experiment. All efforts will be made to ensure that the animals expe rience the least amount of pain and distress as 
is absolutely necessary to accomplish the goals of the experiment. All anima ls will be monitored daily by an 
exper ienced animal care technician or the PI for signs of clinical illness; a pain/euthanasia scale that takes into 
account the total health parameters of each individual animal will be ut ilized to determine appropria te endpoin ts 
to prevent unnecessa ry suffering and pain . Animals scored at 8-9 points will be monitored two times per day. 
Animals scored at LO total points or above will be humanely euthanized , and euthanasia will be performed prior to 
endpo int criteria being reached whenever possible. 

Protocol: G 
Species (common name): Hamster 
Number: 17 
Explanation of procedure producing pain and/or distress: 
Curr ently there are no approved antiviral therapies available to treat Nipah virus disease in humans. The aim of 
these studies is to investigate the use of defective interfering particles (Dls; non-sp reading , non-replicating 
particles) as therapeutics for Nipah virus disease. Hamsters are an established disease model ofNipa h virnses and 
show sinrilar pathogenesis and disease as humans . Nipah virus causes severe encephalitis and respiratory disease 
in humans and similar symptoms may present in hamsters. 

Justification why pain and/or distress could not be relieved: 
Analgesics have been proven to interfere with immunologic responses and can exacerba te liver damage. It is also 
known that inflammation and i.nflammatorymediators may play a major role in the pathogenesis of Nipah virus 
infect ion diseases . Based on these factors , analgesics should not be used since they could affect the clinical 
outco me of the disease and interfere with assessment of therape utics, and thus alter the theore tical basis of the 
experimen t. All efforts will be made to ensure that the animals exper ience the least amount of pain and distress as 
is absolutely necessary to accomp lish the goals of the experiment. All animals will be monitored daily by an 
experie nced animal care techn ician or the PT for signs of clinical illness; a pain/euthanasia scale that takes into 
accou nt the total health parameters of each individual animal will be utilize d to determine appropriate endpoints 
to prevent unnecessary suffering and pain . Animals scored at 8-9 points will be monitored two times per day. 
Animals scored at l O total points or above will be humane ly euthanized , and euthanasia will be performed prior to 
endpoint criteria being reached whenever possible. 
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Multiple variants of the Rabies virus persist within the bat populations of the western hemisphere, and these 
variants have been responsib le for human rabies cases. Although there are ora l rabies vaccines for use in various 
terrestrial carnivores, no commerc ially avajlable rabies vaccine exists for bats. This species is a high ly 
synanthropic rabies reservoir in the United States. Big brown bats are the most frequently submitted bat for rabies 
testing, suggesting high likelihood for human exposure. Furthermore, this species is common, locally abundant. 
and can survive well in captive conditions . The objective oftbe study is to evaluate the interactions between 
immunity and rabies infection with in rese rvoir hosts. PainfuVdistressfu] procedures will include the inoculation 
of animals with Rabies virus. Every attempt will be made to euthanize all animals infected with rabies virus at 
first onset of clinical signs of rabies. 

Jus tification why pain and/or distress could uot be relieved: 
Analges ia cannot be used because animals may progress rapidly from an apparently healthy status to a terminal 
state. This can occur occasionally overnight or between routine check periods. In addition, use of analgesia could 
mask clinjcal signs . Every attempt will be made to euthanize all animals infected with rabies virus at first onset of 
clinical signs of rabies. Beginning 5 days post infection , animals will be exami ned and scored for a pain index at 
least daily during the week and at least once over the weekend by rabies staff and animal care staff during routine 
husbandry so that euthanasia can be promptly administe red. A significa nt number of animals are not expected to 
progress to Category E. Any anima ls that expired before euthanasia were added to Category E at the time of 
annual review . 
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During the reporting period, the fo!Jowing exceptions, as defined in the stan dards and regulation s of the 
Animal Welfare Act , were approved by the CDC - AtJanta Institutional Animal Care and Use 
Committee (IACUC): 

1. Physical restraint of rabbits used for tick feeding , the CDC-Atlanta IA CUC has approved the 
following: 
Number of rabbits: 90 
The rabbit is fitted with an Eliz.abethan collar to prevent it from removing the chambers during 
the 1-3 week feeding period . Rear legs of a rabbit are taped using 1/4" medjcal water-proof tape 
("Band-Aid") with ~3" space left between the legs to prevent the animal from scratching and 
damaging tick-feeding bags on its back. Space left between the legs allows a rabbit to 
comfortably sit, lay and move about the cage but not to scratch. Rear legs of a rabbit are taped 
for the duration of infestation but not exceeding 18 days . Hobbled rabbits are closely monitored 
by the PI and associates. 

2. Single housing of non-human primates defined as an animal housed alone but with visual, 
auditory, and olfactory contact with others of the same species: 
Single housed macaques= 69 
Efforts are made to pair or group non-human primates to meet their social needs. In addition , 
stan dard enrichment is provided in accordance with the Animal Welfare Act. However, the 
IA CUC has approved the single housing of non-human primate s for periods of studies that 
require the evaluation of infectious agent s. This is due to the po ssibility of transmission between 
animals which can occur from biting , exchange of bodily fluids, and grooming. The IACUC 
reviews the single housing requir ement in approved protocols annually. Additionally, the 
TA CUC reviews social housing of non-human primate s on a monthly basis during a convened 
meeting. 

3. Isolation hou sing of non-human primate s defined as an animal housed alone without visual, 
auditory, and olfactory contact with others of the same species: 
Isolated housed macaque s= 1 during FY 19 [no longer isolated at time of report] 
When effo11s to pair or group a nonhuman primate fails, every effort is made to house animals in 
such a way as to provide them with visual and auditory contact with other conspecifics. The 
IACUC reviews any cases of individually hou sed nonhuman prima tes that are unable to see and 
hear primates of the.if own or compatible species. The IACUC has approved isolation housing of 
nonhuman primates that cannot, for beha vioral reasons , be housed in the proximity of 
conspecifics. This is a rare occurrence and these animals are closely moni tored by veterinarians 
and behavioral staff. These cases are evaluated by a veterinarian on a monthly basis and reported 
to the IACUC on a monthly basis during a convened meeting. 
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In recent years, no major parad igm shifts have occurred in the utilizatio n of new products for the prevention and 
control of rabies. The development of a more thermostable and cost-effective rabies treatmen t tha n is curren tly 
avai lab le is critical in continu ing to prevent and reduce disease. Hamsters are commonly used as model systems to 
study the effects of antiviral compounds on the progression of rabies virus infection. Those antiv iral compo unds 
that inhibit rabies virus in vitro need to be tested in an animal model to assess their efficacy in vivo. Syrian 
hamsters are well establishe d in the laboratory and in the literature for rab ies pathogenesis studies and the 
evaluat ion of new biologics. The development of cli nical rabies infection is expected to occur in a subset of the 
infected animals. There are occasionally animals that progress to a terminal state before they can be humanely 
eut hanized . 

Justification why pain and/or distress could not be relieved: 
Analgesia can be used during the study to treat any non-rabies re lated condition. Animals infected with rabies 
vims may progress rapid ly from an apparently healthy status to a terminal state. This can occur occasionally 
overnight or between routine check periods. The majority of animals wi ll be euthanize d at first onset and we do 
not expect a significant number of animals to rap idly progress as described above. Based on our prior exper ience 
we might expect 3- 10% of animals that develop signs of rabies to progress to death before euthanasia can be 
administered; however, we have developed a rabies specific pain sca le to help us euthanize those animals that 
show specific neurological rabies signs before they succumb to the disease. 

In the rare case that we find an animal dead during the study , these animals will subsequent ly be categorized as 
pain category E. All anima ls infected with rabies virus will be euthanized at the onset of clinica l signs of rabies 
according to the l isted euthanas ia criteria. ln addit ion, if animals have genera l signs of d isease ( e.g. mffled fur, 
hunching, etc.) but do not have specific signs of rabies (such that they do not meet the euthanasia criteria) but are 
later euthanized, then these animals will also be reported in category Eat the time of annual review . Using the 
clinical signs of rabies as the experimen tal endpoi nt instead of death prevents four to five days of suffe ring in 
mice (Hartinger, et al. 200 l ). Approximately 7 days following inoculation of rabies virus, control anima ls may 
start to show signs of rabies. Starti ng day 7 post-infection through day 21 post-infection, all experimenta lly 
.infected animals wi,11 be checked tw ice daily by veterinary or program staff. Addi tionally, program assoc iates are 
on call at all times during an infection. 

Protocol: I 
Species (common name): Hamster 
Number: 2 
E:\.-planatiou of procedur e producing pain and/or distress: 
Current ly no antiviral compound s have been shown to work specifica lly against rabies. Scientific evidence is 
needed to suppor t antiviral treatment of people diagnosed with rabies. Hamsters are common ly used as model 
systems to study the effects of ant iviral compounds on the progress ion of rabies virus infection. Syrian hams ters 
are wel l established in the laborato ry and in the literature for rabies pathogenesis stud ies and the evalua tio n of 
new biologics. The deve lopment of clinical rabies infection is expected to occur in a subset of the infected 
animals. There are occasiona lly anin1als that progress to a temlinal state before they can be humanely euthan ized . 

Justification why pain and/or distress could not be relieved: 
Analgesia cannot be used because an imals may progress rapidly frorn an appare ntly healthy status to a terminal 
state. This can occur occasionally overnight or between routine check perio ds. In addit ion, use of analgesia could 
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Guinea pigs are known to be susceptibl e or immuno genic to many human pathogens ; for that reason, this species 
has been: used for identification, isolation, and even: differentiation of ricketts iae. Our studies have demonstrated 
that Guinea pigs have been found susceptible to Rickettsia rickettsii, R. parkeri, R. conurii , and R. slovacn with 
noticeable variations between pathogens in severity and dynamics of clinical signs as well as in necropsy 
resu lts. Infestation of guinea pigs with infected ticks of these species reproducibly resulted in typical clinical signs 
of infection. The more virulent isolates of R. rickettsii can cause rapidly progressiv e illness in some of the guinea 
pigs. There may occasionally be animals that progress to a terminal state before they can be humanely euthanized. 

Justification why pain and/or distress could not be relieved: 
Lidocaine or priiocaine topical analgesic cream will be used to alleviate discomfort associated with ear biopsies. 
Analgesia cannot be used for alleviation of pain or distress due to rickettsial infection because animals may 
progress rapidly from an apparently healthy status to a terminal state. This can occur occasionally overn ight or 
between routine check periods . In addition, use of analgesia could interfere with irnmune responses to rickettsia1 
infection and mask clinical signs necessary to study pathogenesis . All infected animals are being monitored at 
least twice per day and any animal whose condition is likely to worsen to the point of suffering prior to the next 
health check is euthanized. All investigators and staff are trained to eva luate and assess animals according to the 
clinica l scale, and any animal showing >25% weight loss or a total score of 10 on the clinical scale is humanel y 
eutbanized. However , some of the infected animals may progress to a terminal state very abruptly, within 2 to 4 
hours, and there is arealistic chance that a small percentage of these anin1als could die of their disease progress 
and they will be catego rized as Category E . 
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