
Association of Primate Veterinarians’ Guidelines 
for the Judicious Use of Antimicrobials

Purpose
The Association of Primate Veterinarians (APV) recognizes 

that antimicrobials are commonly prescribed for prophylactic, 
therapeutic, and experimental management of nonhuman 
primates (NHP). While clinicians should use antimicrobials 
to treat documented cases of illness, the decision to prescribe 
antimicrobials must take into account the increasing resistance 
of bacterial populations, leading to decreasing efficacy of critical 
pharmaceuticals in both human and veterinary medicine. The 
intent of this document is to provide guidance to veterinarians, 
research staff, and institutional animal care and use committees 
(IACUCs) on the use of antimicrobials in NHP. 

 
Background

Antimicrobial stewardship refers to a comprehensive pro-
gram that “promotes the appropriate use of antimicrobials, 
improves patient outcomes, reduces microbial resistance, and 
decreases the spread of infections caused by multidrug-resistant 
organisms” (APIC, 2001). The AVMA has published general 
guidelines to direct the decision to use antimicrobials in an 
animal (AAFP/AAHA, 2014). The following are considerations 
for the use of antimicrobials in NHP.

1. Preventive strategies, such as appropriate husbandry, 
hygiene, and routine health monitoring, should be empha-
sized. Antimicrobials should never be used as a substitute 
for good animal health management.

2. Therapeutic alternatives should be considered prior to anti-
microbial therapy, such as dietary modification for diarrhea 
and appropriate cleaning and bandaging of wounds.

3. Appropriate behavioral management of NHP groups is a 
tool to decrease the incidence of wounding and the need 
for antimicrobial therapy.

4. The routine prophylactic use of antimicrobials should 
not be used as a general preventive health strategy (e.g., 
en masse antimicrobial treatment of clinically normal 
animals). 

5. Antimicrobials important in treating refractory infections 
in human medicine should be used in animals only after 
careful review and reasonable justification. 

6. Antibiotic resistance in zoonotic agents poses an occupa-
tional hazard and public health risk to human caretakers, 
and potentially their family and the community.

7. Bacterial colonization must be differentiated from bacterial 
infection. Colonization (or a carrier state) is not an indica-
tion for antimicrobial therapy.

8. Culture and sensitivity results should be used to confirm 
bacterial infection and determine the selection of antimi-
crobials. Antimicrobial therapy based solely on clinical 
signs should be avoided.

9. The use of antimicrobials adds non-experimental variables 
to research studies that must be considered by the PI and 
IACUC.

Guidelines
Clinical Indications and Alternatives to Antimicrobials

Diarrhea 
Diarrhea is a common clinical condition in NHP, resulting in 

significant morbidity and mortality (Wilk et al., 2008; Taylor et 
al., 2018). Numerous enteric pathogens can contribute to diar-
rhea, most prominently Shigella flexneri, Yersinia enterocolitica, 
Yersinia pseudotuberculosis, Escherichia coli, Campylobacter 
jejuni, and Klebsiella pneumoniae. Animals housed in groups 
may be susceptible to enhanced disease transmission of enteric 
pathogens, although the risk remains unclear (Balasubrama-
niam et al., 2019). Fecal or rectal culture with sensitivity and/
or PCR should be used to identify enteric bacterial infections. 
Antimicrobial use should be guided by diagnostic results and 
the zoonotic potential of these microorganisms.

Nonhuman primates may present with noninfectious causes 
of diarrhea that are responsive to antimicrobial therapies with 
immunomodulatory properties that may be useful in treat-
ing idiopathic chronic diarrhea (Blackwood et al., 2008). To 
minimize selective pressure leading to antimicrobial resistance, 
alternatives to antimicrobial therapy should be considered and 
include increased dietary fiber (Ardeshir et al., 2014), coconut 
(Wilk et al., 2008), vitamin B supplementation (Izzi et al., 2016), 
probiotics, bismuth subsalicylate, and fecal transplant (Ferrec-
chia & Hobbs, 2013). Changes in diet and enrichment should 
be considered as well. There are reports of gluten-sensitivity 
in macaques (Bethune et al., 2008) that can be improved with 
dietary alterations (Sestak et al., 2016). Mild cases of diarrhea 
without other clinical sequelae may not require treatment, and 
animals should be monitored closely. Use of multi-drug anti-
microbial regimens to treat idiopathic enterocolitis is strongly 
discouraged. The potential public health consequences of this 
strategy outweigh potential benefits in most circumstances 
when human-important antimicrobial agents are utilized in 
NHPs.

Wounds 
Nonhuman primates commonly sustain injuries, and 

antimicrobial use to manage wounds is common in NHP 
clinical practice. However, the general principles of antimi-
crobial stewardship should be followed. Rapid identification 
and appropriate lavage of wounds can eliminate the need for 
antimicrobials by reducing contamination. Bandages may be 
considered to prevent further contamination and promote 
wound healing. When making the decision to bandage a wound, 
NHP temperament and the size, location, and character of the 
wound should be taken into account. If a wound has been su-
tured, a bandage can provide protection from contamination in 
the first 24-48 hours, but likely loses utility beyond that point 
unless it is needed to protect the sutures. Topical treatments to 
be considered include hydrogel, honey, and silver, although 
these compounds have not been studied in NHPs specifically 
(Thomas et al., 2009)
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Perioperative period 
The use and choice of perioperative antimicrobial agents 

should be determined by the type of surgical procedure, type 
of surgical wound, comorbidities of the NHP patient (natural or 
experimentally-induced), and postoperative husbandry condi-
tions (Trepanier, 2013). The majority of NHP surgical wounds 
likely fall into the categories of clean (i.e., incisional wound 
made by the surgeon not involving the respiratory, alimentary, 
genital, or urinary tracts) or contaminated (i.e., acute conspecific 
bite wounds) and may not require antimicrobial therapy. There 
is limited information on the most common bacterial pathogens 
associated with surgical site infections (SSI) in NHPs. In hu-
mans, staphylococci, E. coli, E. faecalis and Pasteurella are the 
most commonly identified SSI pathogens (WHO, 2018). 

Cefazolin is the most commonly used antimicrobial for peri-
operative prophylaxis in both human and veterinary medicine 
due to its safety profile, efficacy against common SSI pathogens, 
and relatively low cost (Bratzler et al., 2013; Fossum, 2019). 
Prophylactic perioperative antimicrobials may be recommended 
in veterinary medicine for animals undergoing neurosurgical 
procedures (e.g., craniotomies) or receiving implants (Fossum, 
2019). The initial dose of antimicrobial prophylaxis should be 
given no longer than 120 minutes prior to the surgical incision, 
with the half-life of the chosen antimicrobial taken into consider-
ation. Re-dosing should be considered for procedures exceeding 
two half-lives of the drug, or if excessive blood loss occurs 
during the surgical procedure. For cefazolin, redosing NHPs 
every 4 hours is likely to be effective based on pharmacokinetic 
data from humans and dogs (Bratzler et al., 2013, Gonzalez et. 
al, 2017). Topical antimicrobial agents should not be applied to 
surgical incisions (Berriós-Torres et al., 2017).

Both the CDC and WHO recommend against additional doses 
of antimicrobials following wound closure. Postoperative anti-
microbials are not necessary for the vast majority of surgeries 
in NHPs. Continuation of postoperative antimicrobial therapy 
should primarily be considered for NHPs at a higher risk of SSI 
(e.g., dirty/infected wounds, natural or experimentally-induced 
immune deficiencies, device implantation). Alternatives to anti-
microbials for NHPs that disturb an incision include preventing 
access (e.g., a jacket), increasing enrichment (e.g., grooming 
boards), and ensuring wound integrity (e.g., debride devital-
ized tissues, avoid tension). If antimicrobial agents are chosen 
to be included in the postoperative regimen, first generation 
cephalosporins should be utilized as a first choice.

Outdoor and/or group housing 
Animals housed in pairs or groups have complex social 

interactions that lead to a balance maintained by affiliative 
and agonistic encounters. Trauma is a common sequela to 
maintaining hierarchical order, whether they are indoor- or 
outdoor-housed. Outdoor-housed animals often require re-
location away from their social group to receive necessary 
treatment, which may include timely and appropriate antimi-
crobial therapy. When indicated, consideration for novel ways 
to balance timely return to the social group with delivery of 
necessary antimicrobials is crucial. Long-acting single-dose 
antimicrobial therapy may be utilized in these situations, de-
pending on culture and sensitivity results. It is important to 
note that pharmacokinetics of antimicrobials is species-specific 
and that data in one species does not necessarily translate into 
effective dosing for another. One example of this is cefovecin, 
which does not provide extended plasma levels in NHPs as it 

does in companion animals (Raabe et al., 2011). The judicious use 
of antimicrobials should be weighed against the duration and 
frequency of administration, the social standing and influence 
of the individual in the group, the stability of the group in the 
individual’s absence, and the success of reintroduction of the 
individual following prolonged removal for clinical care. This 
can be further enhanced beyond clinical practices by consulta-
tion with a well-trained and skilled behavior team. This team 
can identify compatible social partners, monitor social group 
stability, and intervene to maintain population densities that 
may reduce social stresses leading to trauma and disease trans-
mission of bacterial pathogens requiring antimicrobial therapy.

Research Indications and Alternatives to Antimicrobials

Immunosuppression 
Although uniquely challenging, antimicrobial steward-

ship remains of critical importance for immunosuppressed 
patients (Robilotti et al., 2017) and should also be applied to 
nonhuman primates. Infections can progress rapidly in these 
patients making early and specific microbial diagnosis necessary 
both for treatment and stewardship (Abbo & Ariza-Heredia, 
2014).  Presumptive infections should be confirmed through 
microbiological investigation. When empirical therapy is imple-
mented, re-evaluation is recommended, ideally in 2-3 days. 
Re-evaluation should include de-escalation which includes 
both narrowing of spectrum and discontinuation of agents 
(Garnacho-Montero et al., 2015). Prophylaxis in research models 
requiring immunosuppression should be critically evaluated 
by the IACUC and guided by local surveillance of organisms 
and their resistance patterns (Wachtman & Mansfield, 2008). In 
some NHP research models, infections may be an indication of 
over-immunosuppression (Fechner et al., 2006).      

Implanted devices 
Chronically implanted devices present a specialized risk for 

infections in NHP research models. The use of antimicrobials 
to treat infections depends on the location of the implant, the 
chronicity of the implant, and clinical signs presented by the 
affected NHP. Implanted catheters, telemetry devices, and or-
thopedic implants are at most risk of contamination at the time 
of surgical implantation. Strict aseptic technique during surgery 
and validation of the procedures used to sterilize implants are 
key to preventing device-associated infections. Due to biofilm 
formation, antimicrobial therapy alone is unlikely to resolve 
implant-associated infections. Use of antimicrobials to treat 
infected implants is recommended only as a temporary measure 
until explantation can be performed, or the study endpoints 
have been achieved. 

Cranial implants for neuroscience research are at a high risk 
for polymicrobial chronic bacterial colonization with a risk for 
subsequent adverse sequelae (e.g., meningoencephalitis, ce-
phalic abscess). Resistant bacterial pathogens including MRSA 
and multi-drug resistant Enterococcus faecalis have been docu-
mented to colonize cranial implants (De La Gandara et al., 2019; 
Lieberman et al., 2018; Woods et al., 2017). Biofilm formation in 
cranial implants is common, especially for implants utilizing 
acrylic materials, and represents a barrier to both antimicrobials 
and chemical disinfection. Use of local antimicrobial agents as 
part of cranial implant maintenance is strongly discouraged, as 
it encourages development of bacterial resistance (Lieberman, 
2018; Woods et al., 2017). Systemic antimicrobial use should be 
reserved for treating implant infections in which the dura or 
bone are severely compromised, for animals with clinical signs 
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of meningoencephalitis, and/or animals with cephalic absces-
sation observed on imaging, and may require a long duration 
of therapy (4-8 weeks). Explantation of infected implants is 
encouraged for animals with current or recurrent clinical signs 
that do not respond to topical halogen and/or systemic anti-
microbial treatment.

IACUC/protocol considerations 
Administration of compounds including antimicrobials to 

animals as part of an experimental protocol must be reviewed 
and approved by the IACUC (Mohan & Foley, 2019). The investi-
gator should provide sufficient information for the committee to 
make an informed decision as to the necessity and appropriate-
ness of the specific antimicrobial treatment protocol requested. 
Antimicrobial usage can be an intended or unintended variable 
in study designs and as such can affect the reproducibility of 
experimental results within and between studies and institu-
tions if there are variations in treatment protocols. 

Special Considerations for Antimicrobial Use 

Decolonization of bacterial carriers 
Nonhuman primates may be transient or subclinical carriers 

of a multitude of potentially pathogenic organisms. Where there 
is a concern for disease or interference in research, carriage status 
of individual animals should not be assumed, but rather deter-
mined by microbiologic diagnostics including culture or PCR. 
Depending on the agent, there may be some utility in treating 
subclinical contacts following a confirmed diagnosis (e.g., to 
address serious colony health risks posed by an agent such as 
S. flexneri). Routine en masse treatment of subclinical carriers or 
of groups of animals in an effort to standardize the microbiota, 
or decolonize them of endemic agents for research purposes 
should be avoided and poses potentially serious public health 
concerns that outweigh any perceived benefit. There is little 
evidence that decolonization persists long-term (Tacconelli et al., 
2019). It also remains unclear how efforts to eradicate common 
GI organisms affects the translatability of NHP research, due to 
the effects on the microbiota (Manuzak et al., 2020).

A survey of US biomedical research institutions housing NHP 
and affiliated diagnostic laboratories showed low resistance of 
bacterial enteric pathogens to commonly used antimicrobials 
(Kim et al., 2017; Kim et al., 2018). However, multi-drug resis-
tant S. flexneri and E. coli were isolated from a group of rhesus 
macaques imported from China (Bolton, 2002). Facilities that 
obtain NHP from commercial suppliers or other institutions 
should consider that the antimicrobial use practices, and thus, 
the antimicrobial resistance profiles, of shipping facilities may 
have implications for the receiving facility. 

In humans, carriage of S. aureus increases the risk of in-
fection with an identical strain (Von Eiff et al., 2001). While 
decolonization has been attempted for organisms such as 
MRSA, long-term success has not been established in humans 
or NHP, especially when implanted devices are involved (Soge 
et al., 2016; Cheleuitte-Nieves et al., 2020). This practice is not 
recommended, as the impact of subsequent recolonization and 
selection for bacterial resistance on the patient and the medi-
cal facility must be carefully considered (Kauffman et al. 1993; 
Bradley, 2007; Lo et al., 2018). 

Use of important human antimicrobials 
The World Health Organization’s Advisory Group on 

Integrated Surveillance of Antimicrobial Resistance (WHO-
AGISAR) maintains and categorizes antimicrobials to ensure 

prudent use in both human and veterinary medicine. The 
AWaRe Guidelines (https://aware.essentialmeds.org/groups) 
group antimicrobials into first or second choice (Access), those 
that are first or second options for a limited number of condi-
tions but may be the target for resistance (Watch), and those that 
should be used only as a treatment of last resort (Reserve). Use 
of agents included on the Watch list should be minimized and 
agents on the Reserve list should be avoided in NHP. 

Highly resistant bacteria, including methicillin-resistant S. 
aureus and multi-drug resistant E. faecalis, warrant special 
considerations to achieve successful clinical outcomes and pre-
vent further antimicrobial resistance. When human-important 
antimicrobials are the only treatment options for a resistant 
infection, the decision to use these drugs must prioritize the 
negative public health consequences over the research animal 
model.  

Methods to Decrease Antimicrobial Use

CDC recommendations for human healthcare facilities require 
active antimicrobial stewardship through tracking of infec-
tious isolates and their resistance patterns, as well as success 
of antimicrobial treatment. These principles can be applied to 
NHP and laboratory animal facilities. It is recommended that 
all infected sites have samples collected for culture and sensitiv-
ity prior to initiation of antimicrobial therapy. Maintaining an 
institutional database of culture results and sensitivity patterns 
allows identification of common pathogens and trends in resis-
tance, facilitating the success of empiric treatment. 

Institutions that experience significant morbidity due to 
bacterial infection should consider preemptive screening of 
subclinical animals for carriage of agents of concern, such as 
MRSA.  Screening programs should be designed to allow for 
effective intervention, such as screening in quarantine to allow 
separation of carriers vs. non-carriers, or screening of surgical 
candidates to disqualify individuals for device implantation. 

References
1.  AAFP/AAHA basic guidelines of judicious therapeutic use 

of antimicrobials. (n.d.). American Veterinary Medical As-
sociation. Retrieved August 3, 2020, from https://www.avma.
org/resources-tools/avma-policies/aafpaaha-basic-guidelines-
judicious-therapeutic-use-antimicrobials

2. Abbo LM, Ariza-Heredia EJ (2014). Antimicrobial steward-
ship in immunocompromised hosts. Infectious Disease Clinics 
of North America, 28(2): 263–279. https://doi.org/10.1016/j.
idc.2014.01.008

3. Animal Welfare Act, 7 USC § 2131-2159.
4. Animal Welfare Regulations, 9 CFR § 3.129.
5. Antimicrobial stewardship. (n.d.). APIC. Retrieved August 3, 

2020, from https://apic.org/professional-practice/practice-
resources/antimicrobial-stewardship/

6. Ardeshir A, Sankaran S, Oslund K, Hartigan-O’Connor D, Lerche 
N, Hyde D, Dandekar S (2014). Inulin treatment leads to changes 
in intestinal microbiota and resolution of idiopathic chronic diar-
rhea in rhesus macaques. Ann Am Thorac Soc 11(Supplement 1): 
S75–S75. https://doi.org/10.1513/AnnalsATS.201306-208MG

7. Association of Primate Veterinarians. (2020). Cranial Implant 
Care Guidelines for Nonhuman Primates in Biomedical Research. 

8. Atiyeh BS, Dibo SA, Hayek SN (2009). Wound cleansing, 
topical antiseptics and wound healing. Int Wound J 6(6): 420-430. 
doi:10.1111/j.1742-481X.2009.00639.x

9. Bakker J, Thuesen LR, Braskamp G, Skaanild MT, Ouwerling 
B, Langermans JAM, Bertelsen MF (2011). Single subcutaneous 
dosing of cefovecin in rhesus monkeys (Macaca mulatta): a phar-
macokinetic study. J Vet Pharmacol Ther 34(5): 464–468. https://
doi.org/10.1111/j.1365-2885.2010.01265.x

603http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



10. Balasubramaniam KN, Beisner BA, Hubbard JA, Van De Leest 
JJ, Atwill ER, McCowan B (2019). Affiliation and disease risk: 
social networks mediate gut microbial transmission among rhesus 
macaques. Anim Behav 151:131-143.

11. Berríos-Torres SI, Umscheid CA, Bratzler DW, Leas B, Stone EC, 
Kelz RR, Reinke CE, Morgan S, Solomkin JS, Mazuski JE, Del-
linger EP, Itani KMF, Berbari EF, Segreti J, Parvizi J, Blanchard 
J, Allen G, Kluytmans JAJW, Donlan R, … for the Healthcare 
Infection Control Practices Advisory Committee (2017). Centers 
for Disease Control and Prevention guideline for the prevention of 
surgical site infection, 2017. JAMA Surgery, 152(8): 784. https://
doi.org/10.1001/jamasurg.2017.0904

12. Bethune MT, Borda JT, Ribka E, Liu MX, Phillippi-Falkenstein 
K, Jandacek RJ, Doxiadis GG, Gray GM, Khosla C, Sestak K 
(2008). A non-human primate model for gluten sensitivity. PLoS 
One 3(2):e1614. doi:10.1371/journal.pone.0001614

13. Blackwood RS, Tarara RP, Christe KL, Spinner A, Lerche NW 
(2008). Effects of the macrolide drug tylosin on chronic diarrhea 
in rhesus macaques (Macaca mulatta). Comp Med 58(1): 81–87.

14. Bolton I (2002). Multiple drug resistance in rhesus macaques of 
Chinese origin. Laboratory Primate Newsletter 41(3): 18. 

15. Bradley SF (2007). Eradication or decolonization of methicillin-
resistant Staphylococcus aureus carriage: what are we doing and 
why are we doing it? Clin Infect Dis 44(2): 186–9. https://doi.
org/10.1086/510395

16. Bratzler DW, Dellinger EP, Olsen KM, Perl TM, Auwaerter 
PG, Bolon MK, Fish DN, Napolitano LM, Sawyer RG, Slain D, 
Steinberg JP, Weinstein RA (2013). Clinical practice guidelines 
for antimicrobial prophylaxis in surgery. Surg Infect 14(1): 73–156. 
https://doi.org/10.1089/sur.2013.9999

17. Broadhurst MJ, Ardeshir A, Kanwar B, Mirpuri J, Gundra UM, 
Leung JM, Wiens KE, Vujkovic-Cvijin I, Kim CC, Yarovinsky 
F, Lerche NW, McCune JM, Loke P (2012). Therapeutic helminth 
infection of macaques with idiopathic chronic diarrhea alters the 
inflammatory signature and mucosal microbiota of the colon. 
PLoS Pathog 8(11):e1003000. doi:10.1371/journal.ppat.1003000

18. Carpenter JW, Marion CJ (Eds.) (2013). Exotic Animal Formulary 
(4th ed). Elsevier.

19. Cheleuitte-Nieves CE, Diaz LL, Pardos de la Gandara M, Gon-
zalez A, Freiwald WA, de Lencastre HM, Tomasz A, Euler CW 
(2020). Evaluation of topical lysostaphin as a novel treatment 
for instrumented rhesus macaques (Macaca mulatta) infected 
with methicillin-resistant Staphylococcus aureus. Comp Med Oct 
1;70(5):335-347. doi: 10.30802/AALAS-CM-19-000102. 

20. Cook AL, St Claire M, Sams R (2004). Use of florfenicol in non-
human primates. J Med Primatol 33(3): 127–133. https://doi.
org/10.1111/j.1600-0684.2004.00063.x

21. Dethlefsen L, Huse S, Sogin ML, Relman DA (2008). The perva-
sive effects of an antimicrobial on the human gut microbiota, as 
revealed by deep 16s rrna sequencing. PLoS Biology, 6(11), e280. 
https://doi.org/10.1371/journal.pbio.0060280

22. Devriendt N, de Rooster H (2017). Initial management of 
traumatic wounds. Vet Clin North Am Small Anim Pract 47(6): 
1123-1134. doi:10.1016/j.cvsm.2017.06.001

23. Fechner JH, Haustein SV, Knechtle SJ (2006). Immunosup-
pression in nonhuman primates. Transplant Rev 20(3): 131–138. 
https://doi.org/10.1016/j.trre.2006.06.005

24. Ferrecchia CE, Hobbs TR (2013). Efficacy of oral fecal bacte-
riotherapy in rhesus macaques (Macaca mulatta) with chronic 
diarrhea. Comp Med 63(1): 71-75.

25. Fossum TW (2019). Surgical infections and antimicrobial selection. 
In Small Animal Surgery (5th ed.). Elsevier.

26. Gao XW, Mubasher M, Fang CY, Reifer C, Miller LE (2010). 
Dose–response efficacy of a proprietary probiotic formula of 
lactobacillus acidophilus cl1285 and lactobacillus casei lbc80r for anti-
microbial-associated diarrhea and clostridium difficile-associated 
diarrhea prophylaxis in adult patients: Am J Gastroenterol 105(7): 
1636–1641. https://doi.org/10.1038/ajg.2010.11

27. Garnacho-Montero J, Escoresca-Ortega A, Fernández-
Delgado E (2015). Antibiotic de-escalation in the ICU: how is 
it best done? Curr Opin Infect Dis 28(2):193-8. doi: 10.1097/
QCO.0000000000000141. PMID: 25692272.

28. Gerding DN (2001). The search for good antimicrobial steward-
ship. The Joint Commission Journal on Quality Improvement, 
27(8): 403–404. https://doi.org/10.1016/S1070-3241(01)27034-5

29. Gonzalez OJ, Renberg WC, Roush JK, KuKanich B, Warner 
M (2017). Pharmacokinetics of cefazolin for prophylactic ad-
ministration to dogs. Am J Vet Res 78(6): 695–701. https://doi.
org/10.2460/ajvr.78.6.695

30. Greenstein AW, Boyle-Vavra S, Maddox CW, Tang X, Hal-
liday LC, Fortman JD (2019). Carriage of methicillin-resistant 
staphylococcus aureus in a colony of rhesus (Macaca mulatta) and 
cynomolgus (Macaca fascicularis) macaques. Comp Med 69(4): 
311–320. https://doi.org/10.30802/AALAS-CM-18-000089

31. Hanley PW, Barnhart KF, Abee CR, Lambeth SP, Weese JS (2015). 
Methicillin-resistant staphylococcus aureus prevalence among 
captive chimpanzees, Texas, USA, 2012. Emerg Infect Dis 21(12): 
2158–2160. https://doi.org/10.3201/eid2112.142004

32. Howe LM, Boothe HW (2006). Antimicrobial use in the surgical 
patient. Vet Clin North Am Small Anim Pract 36(5): 1049–1060. 
https://doi.org/10.1016/j.cvsm.2006.05.001

33. Izzi JM, Beck SE, Adams RJ, Metcalf Pate KA, Hutchinson EK 
(2016). Serum cobalamin (vitamin B12) concentrations in rhesus 
macaques (Macaca mulatta) and pigtailed macaques (Macaca nemes-
trina) with chronic idiopathic diarrhea. Comp Med 66(4): 324-332.

34. Jakobsson HE, Jernberg C, Andersson AF, Sjölund-Karlsson M, 
Jansson JK, Engstrand L (2010). Short-term antimicrobial treat-
ment has differing long-term impacts on the human throat and 
gut microbiome. PLoS ONE 5(3): e9836. https://doi.org/10.1371/
journal.pone.0009836

35. Johnston BC, Goldenberg JZ, Parkin PC (2016). Probiotics and 
the prevention of antimicrobial-associated diarrhea in infants and 
children. JAMA 316(14): 1484–1485. https://doi.org/10.1001/
jama.2016.11838

36. Kauffman CA, Terpenning MS, He X, Zarins LT, Ramsey MA, 
Jorgensen KA, Sottile WS, Bradley SF (1993). Attempts to 
eradicate methicillin-resistant Staphylococcus aureus from a long-
term-care facility with the use of mupirocin ointment. Am J Med 
94(4): 371-8. doi: 10.1016/0002-9343(93)90147-h. PMID: 8475930.

37. Kelly KR, Kapatkin AR, Zwingenberger AL, Christe KL (2012). 
Efficacy of antimicrobial-impregnated polymethylmethacrylate 
beads in a rhesus macaque (Macaca mulatta) with osteomyelitis. 
Comp Med 62(4): 311–315.

38. Kim J, Coble DJ, Salyards GW, Bower J K, Rinaldi WJ, Plauche 
GB, Habing GG (2017). Antimicrobial use for and resistance of 
zoonotic bacteria recovered from nonhuman primates. Comp 
Med 67(1): 79–86.

39. Kim J, Coble, DJ, Salyards GW, Habing, GG (2018). Compara-
tive review of antimicrobial resistance in humans and nonhuman 
primates. Comp Med 68(2): 124–130.

40. Lieberman MTR (2018). Characterization of polymicro-
bial infections in macaques with chronic cranial implants and 
evaluation of alternative antimicrobial strategies [Thesis, Mas-
sachusetts Institute of Technology]. https://dspace.mit.edu/
handle/1721.1/120910

41. Lieberman MT, Van Tyne D, Dzink-Fox J, Ma EJ, Gilmore MS, & 
Fox  JG (2018). Long-term colonization dynamics of Enterococcus 
faecalis in implanted devices in research macaques. Appl Environ 
Microb 84(18); e01336-18, /aem/84/18/e01336-18.atom. https://
doi.org/10.1128/AEM.01336-18

42. Liu C, Bayer A, Cosgrove SE, Daum RS, Fridkin SK, Gorwitz 
RJ, Kaplan SL, Karchmer AW, Levine DP, Murray BE, Rybak 
MJ, Talan DA, Chambers HF (2011). Clinical practice guidelines 
by the infectious diseases society of america for the treatment 
of methicillin-resistant staphylococcus aureus infections in 
adults and children. Clin Infect Dis 52(3): e18–e55. https://doi.
org/10.1093/cid/ciq146

43. Lo DK, Muhlebach MS, Smyth AR (2018). Interventions for the 
eradication of meticillin-resistant Staphylococcus aureus (MRSA) 
in people with cystic fibrosis. Cochrane Database Syst Rev 
7(7): CD009650. doi: 10.1002/14651858.CD009650.pub4. PMID: 
30030966; PMCID: PMC6513544.

44. Ludlage E, Mansfield K (2003). Clinical care and diseases of the 
common marmoset (Callithrix jacchus). Comp Med 53(4): 369-382.

604

Vol 60, No 6
Journal of the American Association for Laboratory Animal Science
November 2021

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



APV guidelines for use of antimicrobials

45. Manuzak JA, Zevin AS, Cheu R, Richardson B, Modesitt J, 
Hensley-McBain T, Miller C, Gustin AT, Coronado E, Gott T, 
Fang M, Cartwright M, Wangari S, Agricola B, May D, Smith 
E, Hampel HB, Gale M, Cameron CM, … Klatt NR (2020). 
antimicrobial-induced microbiome perturbations are associated 
with significant alterations to colonic mucosal immunity in rhe-
sus macaques. Mucosal Immunol 13(3): 471–480. https://doi.
org/10.1038/s41385-019-0238-1

46. Mohan S, Foley PL (2019). Everything you need to know about 
satisfying IACUC protocol requirements. ILAR J 60(1): 50–57. 
https://doi.org/10.1093/ilar/ilz010

47. Novak M (2004). Housing for captive nonhuman primates: The 
balancing act. In The Development of Science-based Guidelines 
for Laboratory Animal Care: Proceedings of the Nov 2003 Inter-
national Workshop. National Academies Press.

48. Oates-O’Brien RS, Farver TB, Anderson-Vicino KC, McCowan 
B, Lerche NW (2010). Predictors of matrilineal overthrows in large 
captive breeding groups of rhesus macaques (Macaca mulatta). J 
Am Assoc Lab Anim Sci 49(2): 196–201.

49. Onyekwelu I, Yakkanti R, Protzer L, Pinkston CM, Tucker C, 
Seligson D (2017). Surgical wound classification and surgical site 
infections in the orthopaedic patient: JAAOS: Global Res Rev 1(3): 
e022. https://doi.org/10.5435/JAAOSGlobal-D-17-00022

50. Papp R, Popovic A, Kelly N, Tschirret-Guth R (2010). Pharmaco-
kinetics of cefovecin in squirrel monkey (Saimiri sciureus), rhesus 
macaques (Macaca mulatta), and cynomolgus macaques (Macaca 
fascicularis). J Am Assoc Lab Anim Sci 49(6): 805–808.

51. Pardos de la Gandara M, Diaz L, Euler CW, Chung M, Gon-
zalez A, Cheleuitte C, Freiwald W, Tomasz A, Fischetti VA, de 
Lencastre H (2019). Staphylococcus aureus infecting and colonizing 
experimental animals, macaques, in a research animal facil-
ity. Microb Drug Resist 25(1): 54–62. https://doi.org/10.1089/
mdr.2018.0232

52. Pollack LA, Srinivasan A (2014). Core elements of hospital an-
timicrobial stewardship programs from the centers for disease 
control and prevention. Clin Infect Dis 59(suppl_3): S97–S100. 
https://doi.org/10.1093/cid/ciu542

53. Pratesi A, Moores AP, Downes C, Grierson J, Maddox TW (2015). 
Efficacy of postoperative antimicrobial use for clean orthopedic 
implant surgery in dogs: A prospective randomized study in 100 
consecutive cases: postoperative antimicrobials in orthopedic 
implant surgery in dogs. Vet Surg 44(5): 653–660. https://doi.
org/10.1111/vsu.12326

54. Raabe BM, Lovaglio J, Grover GS, Brown SA, Boucher JF, Yuan 
Y, Civil JR, Gillhouse KA, Stubbs MN, Hoggatt A F, Halliday LC, 
Fortman J D (2011). Pharmacokinetics of cefovecin in cynomolgus 
macaques (Macaca fascicularis), olive baboons (Papio anubis), and 
rhesus macaques (Macaca mulatta). J Amer Assoc Lab Anim Sci 
50(3): 389–395.

55. Resende MM, Rocha CA, Corrêa NF, Veiga RR, Passos SJ, Novo 
NF, Juliano Y, Damasceno CA (2016) Tap water versus sterile 
saline solution in the colonisation of skin wounds. Int Wound J 
13(4): 526–530. doi:10.1111/iwj.12470

56. Robilotti E, Holubar M, Seo SK, Deresinski S (2017). Feasibility 
and applicability of antimicrobial stewardship in immunocom-
promised patients. Curr Opin Infect Dis 30(4): 346–353. https://
doi.org/10.1097/QCO.0000000000000380

57. Rosshart SP, Herz J, Vassallo BG, Hunter A, Wall MK, Badger JH, 
McCulloch JA, Anastasakis DG, Sarshad AA, Leonardi I, Collins 
N, Blatter JA, Han SJ, Tamoutounour S,.... Rehermann B (2019). 
Laboratory mice born to wild mice have natural microbiota and 
model human immune responses. Science 365(6452): eaaw4361. 
doi: 10.1126/science.aaw4361. Epub 2019 Aug 1. PMID: 31371577; 
PMCID: PMC7377314.

58. Salyards GW, Knych HK, Hill AE, Kelly KR, Christe KL (2015). 
Pharmacokinetics of ceftiofur crystalline free acid in male rhesus 
macaques (Macaca mulatta) after subcutaneous administration. J 
Am Assoc Lab Anim Sci 54(5): 557–563.

59. Sestak K, Thwin H, Dufour J, Liu DX, Alvarez X, Laine D, Clarke 
A, Doyle A, Aye PP, Blanchard J, Moehs CP (2016). Supplementa-
tion of reduced gluten barley diet with oral prolyl endopeptidase 
effectively abrogates enteropathy-associated changes in gluten-

sensitive macaques. Nutrients 8(7): 401. https://doi.org/10.3390/
nu8070401

60. Silverman J, Macy J, Preisig PA (2017). The role of the IACUC 
in ensuring research reproducibility. Lab Anim 46(4): 129–135. 
https://doi.org/10.1038/laban.1213

61. Smack DP, Harrington AC, Dunn C, Howard, RS, Szkutnik AJ, 
Krivda SJ, Caldwell JB, James WD (1996). Infection and allergy 
incidence in ambulatory surgery patients using white petrolatum 
vs bacitracin ointment: a randomized controlled trial. JAMA 
276(12): 972–977. doi:10.1001/jama.1996.03540120050033

62. Sniffen JC, McFarland LV, Evans CT, Goldstein EJC (2018). 
Choosing an appropriate probiotic product for your patient: an 
evidence-based practical guide. PLOS ONE 13(12): e0209205. 
https://doi.org/10.1371/journal.pone.0209205

63. Soge OO, No D, Michael KE, Dankoff J, Lane J, Vogel K, Smed-
ley J, Roberts MC (2016). Transmission of MDR MRSA between 
primates, their environment and personnel at a United States 
primate centre. J Antimicrob Chemoth 71(10): 2798–2803. https://
doi.org/10.1093/jac/dkw236

64. Suez J, Zmora N, Segal E, Elinav E (2019). The pros, cons, and 
many unknowns of probiotics. Nat Med 25(5): 716–729. https://
doi.org/10.1038/s41591-019-0439-x

65. Suez J, Zmora N, Zilberman-Schapira G, Mor U, Dori-Bachash 
M, Bashiardes S, Zur M, Regev-Lehavi D, Ben-Zeev Brik R, 
Federici S, Horn M, Cohen Y, Moor AE, Zeevi D, Korem T, 
Kotler E, Harmelin A, Itzkovitz S, Maharshak N, … Elinav E 
(2018). Post-antimicrobial gut mucosal microbiome reconstitution 
is impaired by probiotics and improved by autologous fmt. Cell 
174(6): 1406-1423.e16. https://doi.org/10.1016/j.cell.2018.08.047

66. Tacconelli E, Mazzaferri F, de Smet AM, Bragantini D, Eggimann 
P, Huttner BD, Kuijper J, Lucet J-C, Mutters NT, Sanguinetti M, 
Schwaber MJ, Souli M, Torre-Cisneros J, Price JR, Rodríguez-Ba-
ño J (2019). ESCMID-EUCIC clinical guidelines on decolonization 
of multidrug-resistant Gram-negative bacteria carriers. Clin 
Microbiol Infect 25(7): 807-817. ISSN 1198-743X,https://doi.
org/10.1016/j.cmi.2019.01.005.

67. Taylor K (2010). Clinical veterinarian’s perspective of non-human 
primate (Nhp) use in drug safety studies. J Immunotox 7(2): 
114–119. https://doi.org/10.3109/15476910903213539

68. Taylor WM, Grady AW (1998). Catheter-tract infections in rhesus 
macaques (Macaca mulatta) with indwelling intravenous catheters. 
Lab Anim Sci 48(5): 448–454.

69. Teillant A, Gandra S, Barter D, Morgan DJ, Laxminarayan R 
(2015). Potential burden of antimicrobial resistance on surgery and 
cancer chemotherapy antimicrobial prophylaxis in the USA: a lit-
erature review and modelling study. The Lancet Infect Dis 15(12): 
1429–1437. https://doi.org/10.1016/S1473-3099(15)00270-4

70. Thomas GW, Rael LT, Bar-Or R, Shimonkevitz R, Mains CW, 
Slone DS, Craun ML, Bar-Or D (2009). Mechanisms of delayed 
wound healing by commonly used antiseptics. J Trauma 66(1): 
82-90; discussion 90-1. doi: 10.1097/TA.0b013e31818b146d. PMID: 
19131809.

71. Trepanier LA (2013). Rational use of presurgical antimicrobials. 
WSAVA World Congress Proceedings. 

72. Turk R, Singh A, Weese JS (2015). Prospective surgical 
site infection surveillance in dogs: prospective surgical site 
infection surveillance. Vet Surg 44(1): 2-8. doi: 10.1111/j.1532-
950X.2014.12267.x. Epub 2014 Sep 7. PMID: 25196800.

73. Vasseur PB, Levy J, Dowd E, Eliot J (1988). Surgical wound infec-
tion rates in dogs and cats data from a teaching hospital. Vet Surg 
17(2): 60–64. https://doi.org/10.1111/j.1532-950X.1988.tb00278.x

74. von Eiff C, Becker K, Machka K, Stammer H, Peters G (2001). Na-
sal carriage as a source of Staphylococcus aureus bacteremia. Study 
Group. New Engl J Med 344(1): 11–16. https://doi.org/10.1056/
NEJM200101043440102

75. Wachtman LM, Mansfield KG (2008). Opportunistic infections 
in immunologically compromised nonhuman primates. ILAR J 
49(2): 191–208. https://doi.org/10.1093/ilar.49.2.191

76. WHO Advisory Group on Integrated Surveillance of Anti-
microbial Resistance & World Health Organization (2017). 
Critically important antimicrobials for human medicine: ranking 
of antimicrobial agents for risk management of antimicrobial 

605http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



resistance due to non-human use. http://apps.who.int/iris/bits
tream/10665/255027/1/9789241512220-eng.pdf

77. Wilk JL, Maginnis GM, Coleman K, Lewis A, Ogden B (2008). 
Evaluation of the use of coconut to treat chronic diarrhea in rhesus 
macaques (Macaca mulatta): Coconut trial for colitis treatment in 
rhesus. J Med Primatol 37(6), 271–276. https://doi.org/10.1111/
j.1600-0684.2008.00313.x

78. Woods SE, Lieberman MT, Lebreton F, Trowel E, de la 
Fuente-Núñez C, Dzink-Fox J, Gilmore MS, Fox JG (2017). Char-
acterization of multi-drug resistant Enterococcus faecalis isolated 
from cephalic recording chambers in research macaques (Macaca 
spp.). PLOS ONE 12(1): e0169293. https://doi.org/10.1371/jour-
nal.pone.0169293

79. World Health Organization (2018). Global guidelines for the 

prevention of surgical site infection. https://www.ncbi.nlm.nih.
gov/books/NBK536404/

80. World Health Organization (2019). Adopt AWaRE: Handle anti-
biotics with care. https://adoptaware.org/

606

Vol 60, No 6
Journal of the American Association for Laboratory Animal Science
November 2021

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25


