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Abstract
Although there are numerous Institutional Animal Care and Use Committee (IACUC) proto-

cols aimed at standardizing the oral administration (gavage) of liquid chemicals to laboratory

rodents, there is ample variability across protocols, and there are no protocols intended for

the gavage of microbial communities to mice or rats. The objective of this study was to

conduct a scoping review of publically available IACUC protocols from institutions in the

United States, identify protocol criteria and deficiencies, and generate an ‘analytical con-

sensus’ to unify such criteria into two revised protocols: one for chemicals, and another

for microbes in mice. Eighteen (n¼ 18) written institutional protocols from prominent uni-

versities, and 26 demonstrations videos from various sources (accounting for >155,000

views) were identified in the World Wide Web. Although written protocols listed up to five

criteria for consideration (dosing/volume, pregnancy, animal weight), collectively there was

major variability and poor statistical agreement across methods (0% Kappa, p¼ 0.98). Because protocols also lacked details

relevant for the bypassing and survival of live microorganisms in the gastric (antimicrobial) environment, we compiled two ‘ana-

lytical (Kappa-based) consensus’ protocols from available and new criteria, for the ‘gavage of chemicals’ and for the ‘gavage of

delicate microscopic microbial communities’ to mice. A major difference lies in the volume of administration, (i.e., 20 mL/kg,

without restrictions, after 4-6 h of fasting, for microbes), which was graphically illustrated simulating the predicted impact of

administering large and small volumes on microbial distribution of simple microscopic communities. In conclusion, publicly

available IACUC gavage protocols are highly variable, and do not reflect the need to adjust the dose volumes to ensure the

rapid bypassing of the gastric environment which would impact the survival of microbes, especially if composing delicate micro-

scopic communities. An ‘analytical consensus’ of IACUC-approved protocols is herein presented as a unifying baseline protocol

for consideration.
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Introduction

Because confounding factors often render study conclu-
sions false or invalid,1,2 great interest exists on improving
research methodologies to control for confounding factors

in murine research, which is critically important for the
discovery of biological features mediated by the gut micro-
biome in human diseases.3 Although well-controlled forms
of studying environmental heterogeneity can be
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beneficial to draw ‘externally valid’ inferences (instead
of ‘internally valid,’ which applies to the mice studied),
spurious variables due to irreproducible methods may
also result in the drawing of unreliable conclusions or
in irreproducible results.4–6 Variable criteria used in
Institutional Animal Care and Use Committee (IACUC)
protocols may also introduce variability. This study exam-
ines existing IACUC protocols for the oral administration
via an oral–esophageal–gastric cannula (gavage) of mice
which were proposed decades ago (before the ‘microbiome
era’ started in the 2000s) to standardize the administration
of liquid chemical substances to laboratory mice.
Institutional gavage protocols (IGPs) designed for the
gavage of live microbial communities (e.g. complex gut
microbiotas; simple microscopic communities from intesti-
nal villi, or microscopic lesions) to mice do not exist.7–9

To contribute to improving ‘rigor and reproducibility in
research,’10 as mandated since 2014 for grant applicants
seeking funds from the National Institutes of Health,11

here we illustrate that IACUC protocols are an important
source of methodological variability.

According to the National Association for Biomedical
Research (founded in 1979, www.nabr.org) which provides
the unified voice for the scientific community on legislative
and regulatory matters affecting laboratory animal
research, an IACUC is a local working group that research
facilities must appoint in accordance with the Animal
Welfare Act and PHS Policy on Humane Care and Use of
Laboratory Animals.12 At least one member of the IACUC
must be a veterinarian providing care to animals used in
research and one must be a public member not affiliated
with the institution. In addition of reviewing and approv-
ing experiments proposed, the IACUC also ensures that
experiments do not result in unnecessary pain or stress to
animals or that proposed projects are not unnecessarily
duplicated. In an effort to standardize research, IACUCs
often publicize step-wise protocols online of common pro-
cedures to streamline the review process. Thus, IACUC
protocols/guidelines are local mandates and a reflection
of the IACUC members’ opinions as a consensus statement
of the group on numerous abiding issues.

Avariety of approaches, such as the coating of the gavage
needles (flexible or rigid) with palatable solutions,13,14 offer-
ing the dose in a flavored formulation that is voluntarily
consumed by the rodent, including peanut butter or simi-
lar,15,16 palatable pills,17 honey,18 and apple juice19 have been
proposed to facilitate the administration of substances or
medications to mice. However, the majority of palatability-
based methods may not be used for the administration
of live microorganisms. That is because some flavored sol-
utions have potent antimicrobial effects.20,21 Further, when
microorganisms are to be transferred, due to the strict anaer-
obic nature of several species, they have to be transferred
rapidly into the animal digestive tract. These microorgan-
isms, therefore, cannot stay indefinitely exposed to room
air in the environmental cage/palatable vehicle. Restrain
practices, complications, or aseptic procedures or cannula
types used for the gavage of mice have been extensively
described.13,22–25

The objectives of this study were (i) to identify the sour-
ces of protocol variability in publicly available IGPs, and to
(ii) analytically construct one analytical consensus protocol
for the gavage of chemicals (Consensus IGP for Chemicals)
and one protocol with expanded applicability to the oral
administration of live microorganisms from microscopic
communities to mice (Consensus IGP for Microbial
Organisms). We conducted a scoping review of publically
available protocols for oral gavage of mice in academic
research institutions in the United States, and then used
‘agreement statistics’ to construct the consensus to improve
method reproducibility. We also graphically illustrated
the relevance of adjusting volume of administration to
promote the distribution and colonization of microbial
micro-communities in the intestinal tract of mice, which
is relevant to various models of intestinal diseases in
humans and mice.8,9

Methods

Search strategy and impact

For a rapid screening of methods publicly available on the
World Wide Web we used Google (citation and web) and
PubMed, and the non-exhaustive keyword combination
‘oral gavage of mice (þ iacuc orþprotocol).’ A rapid scop-
ing reviewwas conducted using simplified strategy follow-
ing the principles of systematic reviews implemented (i) for
the screening of protocol and identification of protocol
variables relevant to the dosing and frequency of substan-
ces to mice; and (ii) to determine if protocols considered
the administration of live microorganisms and the antimi-
crobial effects of the gastric and intestinal secretions. We
conducted the search of both ‘videos’ and ‘written docu-
ments’ platform in Google web. The search was conducted
to identify demonstration videos linked to institutional
protocols (i.e. university/research center) or journals,
excluding videos that were not in compliance with basic
standards expected for laboratory rodent research in the
USA on aseptic techniques and animal welfare as per
IACUC guidelines.26 We provide impact statistics based
on number of viewers of the demonstration videos.

Matrix table of parameters for the analysis and
proposal of consensus protocols

Following the identification of written IACUC protocols
(keyword search strategy ‘oral gavage mice IACUC’), we
compiled all original protocols/documents as an
extensive and permanent PDF source and provision for
the readers in Supplementary File 1. Protocols were
deemed institutional because they were available from
HTML addresses associated with university domain serv-
ers. Since most IACUC protocols refer to comparable crite-
ria (parameters), but since not all had the same number of
criteria described, we created a matrix table to present the
methods for all the criteria across all protocols listed for
analytical consensus. Exclusion criteria included docu-
ments such as power point presentations or similar, and
protocols that require exclusive password-protected
access to institutional websites. If a research institution
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had several regional branches, the protocol that was higher
on the list of hits was selected for the matrix table. The
protocols listed here represent the most discoverable pro-
tocols among a total of 98 entries displayed by Google using
Safari search engine on 28 October 2018.

Statistics

As described in analytical consensus theory, the notion of
consensus is essentially intuitive.27 A consensus specifies
the conditions under which agreement among people can
be seen as a sign of knowledge or ‘getting it right.’27,28

Several epistemological schemes are based on the interde-
pendence between agreement and truth28; a tangible exam-
ple of the power of collective opinions is the court system in
some countries, which disregards the prosecutors’ claims
as true unless a jury of independent people agrees.28

Although each IACUC protocol herein reviewed reflects
the consensus among IACUC members, it is unknown
the actual number of individuals that made part of each
IACUC committee and that agreed or disagreed to each
of the listed protocol criteria. Since knowing the number
of individuals agreeing to each of the parameters is
unknown, as it is also the level of influence that executive
members had on each committee, in this study, the level of
analytical consensus across the methods in the matrix table
was assessed by computing the level of agreement between
the factors relevant for gavage across the selected protocols
by using Multilevel Kappa statistics29,30 considering each
IACUC as an individual thinking collective entity. For this
purpose, the criteria listed in the protocols were catego-
rized as ‘agree’ or ‘disagree’ as a measurement of consensus
for 5 of the criteria that had at least one concept described in
the guideline (e.g. protocols describing that the maximum
volume to be administered was 10 mL/kg of body weight
were categorized as ‘agree’; other alternatives or the lack of
this description was deemed as ‘disagree,’ if the protocol
stated that the max. vol. was 20 mL/kg). Linear regression
models included this agreement data, year of last update, a
regional category designation, and the ranking number
across global universities using the Best Global Universities
2018 US News Report.31 Analyses were conducted using the
STATA software (v15.1, College Station, TX) and R (Vienna,
Austria; http://www.R-project.org/).

Results

Videos illustrate protocol variability and demand of
information on gavage techniques

In total, we identified 26 demonstration videos on YouTube
from various parts of the world illustrating the oral gavage
of mice, with a similar number of videos describing the
procedure for rats. In mice, the total number of views
accounted for >155,000 views since 2014 (estimated 100
views/day, observed 189 views/day). Most videos were
non-official and had unrestricted access; only three institu-
tional videos in the USA required viewer’s validation and
contained a ‘content warning’ message. The duration of
videos ranged from 5 s (75 views in three years) to the
longest with 14:11 min (a non-official video32 of a peer-

reviewed publication25; 13,607 views in two years; 19
views/day). For the latter video, there was an increase of
number of views from 13,697 in 28 October 2018 to 17,199 in
14 February 2019, with an average of 34.5 visitors/day,
which almost doubled the daily demand of information
compared to a previous average of 19 views/day. This
growing impact statistics supports the demand and need
of information on the subject.

Selection of demonstration videos to promote
animal welfare

Several videos intended to illustrate how to administer
drugs to pet mice in veterinary centers, while others illus-
trated the protocols for research settings. None of the
videos highlighted or discussed appropriate scientific refer-
ences or dosing regimens, which is the purpose of this man-
uscript. Protocol data presented in demonstration videos
were not extracted to create the analytical consensus
across IACUCs as described in this manuscript, because
publically available videos on private online media chan-
nels are not reliable sources for scientific reproducibility,
lack the long-term peer-reviewed validation, users are
free to remove them from the Internet, or they infringe
animal welfare recommendations.

Although considerations on instrumentation, material,
restrain, and animal welfare have been described else-
where,25,33 herein we highlight the importance of adequate
restraining of animals by selecting some instructional videos.
Relevant to our interest in promoting IACUC compliant
procedures on animal restrain and welfare mandated by
the USDA and NIH,26 demonstration videos included two
academic videos from universities (Pennsylvania State
University; Newcastle University), one from a peer-
reviewed journal,25 and one from a manufacturer of
gavage cannulas for mice (see Table 1). Note that the select-
ed videos highlight restrain strategies, but they do not
address the problematic of gavage protocol variability, or
dosing regimes which we propose as ‘analytical consensus’
in the sections below.

Written IACUC protocols emphasize criteria for
monitoring complications in mice

We identified 18 publicly available IACUC written proto-
cols from institutions in the USA out of a total of 98 hits for
the keywords ‘oral gavage mice IACUC’ (Google web search
engine, Safari; 24 October 2018). The same search strategy
yielded only one (n¼ 1) hit in PubMed; however, the search
keywords ‘oral gavage mice protocol’ identified 46 papers
from 1987 to 2018. After screening the title and manuscript
content, none of the PubMed manuscripts were institution-
al protocols. The sections and analyses below are thus
based on written protocols available on Internet. The over-
all layout and appearance of IACUC guidelines or proto-
cols was highly diverse, and thus were the lists of
references cited in each protocol (original formats are com-
piled in Supplementary File 1). Herein, we compiled the list
of parameters to monitor and, based on those parameters,
we constructed a table for the dosing and frequency of IGP
descriptions and estimated kappa agreement statistics.
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Comparing the amount of information dedicated to
descriptions for ‘Dosing sections’ in all protocols (word
count per section), it is evident that most protocols exten-
sively promote animal welfare, as required by IACUCs,
and emphasize the importance of monitoring the mice in
order to prevent complications. However, the word count
dedicated to the description of doses for administration
was very limited and comparatively minimal.

In this report, we compiled a list of monitoring guide-
lines for considerations before, during, and after gavage in
Table 1. We also emphasize that, although not explained in
most IGPs, if serial gavages are to be conducted (e.g.
weekly, daily, or several times daily), it is important to
inspect the animals and monitor the same observation
parameters (Table 1), before each gavage, because compli-
cations are more likely to occur due to the accumulation of
risk probabilities. Although the use of an incorrect tech-
nique has been reported in IGPs as a factor that leads to
scarring and narrowing of the esophagus and/or gastric
openings and esophageal or gastric rupture, recent studies
showed that repeated daily gavage for 18 days, if properly
conducted, induces no histologically detectable changes in
the esophagus of mice physically restrained, which was
comparable to the histological findings in a protocol
where gavage was conducted with mice under general
anesthesia (isoflurane). The low rate of complications
with repeated gavage also indicates that the use of isofluor-
ane is unnecessary when repeated gavages are needed,34

which is in agreement with the statements in some IGP
protocols. In general, repeated gavages are well tolerated
in mice, if a proper protocol is used. One of the reviewed
IACUC protocols states that ‘Proficient oral gavage should
result in no significant animal losses (>95% survival rate)’
(Supplementary File 1), but in our studies this safe proce-
dure has an attributed mortality rate that is even lower than
that (<1%, 1/�800; over six years).35,36

Institutional protocols have poor agreement (0%) on
recommended dosing regimens

Analysis of the protocols revealed that the methodology is
specifically illustrated and designed for the administration
of substances with pharmacological and toxicological pur-
poses in research, and none of the protocols mentioned the
usefulness of the guidelines for the administration of
microorganisms to mice. Furthermore, none of the 18 pro-
tocols identified considered biological factors associated
with the species-dependent susceptibility of various micro-
bial species to gastric acidity or bile acids in the upper gas-
trointestinal tract. Table 2 summarizes the protocol
descriptions for seven factors deemed important for oral
gavage of mice by examining protocols from the USA and
elsewhere, for instance Australia, Singapore, and Europe
(Supplementary File 1). None of the identified protocols
used in the USA request animals to be fasted, even as an
alternative to reduce the risk of gavage-associated compli-
cations. One protocol from Flinders University in Australia,
described 2 h of fasting prior gavaging to minimize such
complications (Supplementary File 1).

As it is evident in Table 2, kappa agreement statistics
following the categorization of the protocol descriptors
across five variables (selected if there was at least one pro-
tocol describing the restriction or guideline) revealed a
‘Statistical Kappa Agreement’ of 0% across the IACUC
methods identified, which was even lower than the
‘Expected Agreement’ of 16.05% (Kappa, �0.1912� S.
Error 0.0932; Z¼�2.05; Prob>Z p¼ 0.98). Using unsuper-
vised multivariable cluster analysis (57 ‘agree’ and 33 ‘dis-
agree’ data points, total n¼ 90) to illustrate which
institutions are more alike, we generated two major proto-
col clusters that appear to be independent of geographical
location but significantly depend on the global ranking of
the academic institutions.31 Hierarchical multivariable
cluster analysis, Pearson correlation coefficients, and mul-
tivariate linear regression showed that the poor agreement
between consensus guideline parameters across institution-
al protocols for the gavage of mice is more pronounced in
high-ranking research institutions, while it does not
depend on geographical region or the year of ‘last protocol
update’ (Figure 1).

Analytical consensus protocols for the gavage of
chemicals and microbes to mice

Considering that each institutional protocol reflects the con-
sensus perspective of IACUC members, herein we used
those agreed-upon guidelines described in the reviewed
publicly available protocols to build an ‘Analytical consen-
sus protocol for the gavage of chemicals’ based on the max-
imum allowed criteria for the collective descriptions, and the
available literature discussed here.

Based on that analysis we then proposed a few
adjustments in a new proposed ‘protocol for the oral admin-
istration of live microbial communities to mice.’ Table 2 con-
tains at the bottom of the table a succinct description of the
parameters proposed in the consensus for chemical products,
while Table 3 emphasizes the rationale for consideration for
the consensus for dosing regimen for the administration of
microbes. To promote research reproducibility on dosage
volume and regimen, we collated the information extracted
from the protocols to propose a consensus agreement protocol
and to revise the criteria relevant for the gavage of animals at
various age and reproductive stages.

In short, although the volume for administration may
vary for chemical substances depending on pharmacokinet-
ics of the chemical and goal of the experiment, we propose to
always gavage animals with 20 mL/kg of body weight for
microbiome studies, without restrictions on maximum vol-
umes, except when there is evidence of advanced pregnancy
(see sections below and Table 2). To furtherminimize the risk
of complications, which are rare at such doses, we also rec-
ommend a period of fasting prior to gavage, also because
diet itself has an antimicrobial effect on certain microbes.

Fasting and short periods of acute fasting in mice are a
critical physiological variable that determine the gastric
content and acidity, gastrointestinal emptying and motility,
and glycemic indexes and blood cortisol levels.39 This in
turn influences the survival and establishment of microbes
in the digestive tract, thus we purposefully included fasting
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as a factor in Table 2 to highlight the need for considering
that variable in our revised consensus protocol. Similarly,
we noticed that no guidelines existed for gavage of lactat-
ing or newborn animals, thus we also included that factor
in Table 2 to raise awareness. The majority of protocols did
not cite scientific publications to support the guidelines on
dosing and frequencies. From those that did, the most
common citation corresponded to Turner et al.,22,23 which
provides generic parameters for dose volumes across labo-
ratory animals of 20 mL/kg as maximum.

On pregnancy, there was also lack of consistency and
reproducible criteria across protocols (Table 2). Here, we
proposed in the revised analytical protocol (i) that the
reproductive status for oral gavage must me known by
scientists, and therefore (ii) animals should not be entered
into an experiment unless the investigator knows the date
to conception/last mating event. If unknown, (iii) abdom-
inal palpation or ultrasound examination of the abdomen
must be conducted to determine if animals have advanced
pregnancy or any other abdominal structures that may pre-
vent the comfortable expansion of the stomach as gavage
fluids are infused. Lastly, the (iv) expected rate of fertility
and litter sizes must be known by researchers to knowwhat
to expect. For instance, SAMP 1/YitFc mouse line is a poor
breeder compared to other healthy mouse lines (1 pup/6
dams in SAMP1/YitFc, compared to C57BL/6J, or Swiss
Webster mice, the latter which can produce �11 pups per
dam).36 With different fertility rates, the gavage of a given
volume in advanced gestation cannot be made universal or
restricted for the administration of microbial communities
as it was described in the past. Therefore, our analytical
consensus protocol must cite these criteria for consider-
ation, and preferred large volumes of fluid must be com-
bined with short-term acute fasting to ensure animals can
be gavagedwith the 20mL/kg volume suggested. Here, we
proposed that animals in advanced pregnancy and large
litter sizes be gavaged 10 mL/kg in the first attempt, then
observe the mice for 5–10 min to monitor for signs of dis-
comfort (e.g. kicking their abdomen, looking at their flank,
pacing in the cage). If none present, then the remaining half
of the volume 10 mL/kg can be administered gently.
Following 5 min of additional observation, food can be
reintroduced to the animals immediately.

Graphical effect of gavage volume on distribution of
microbial communities in the gut

The rapid bypassing of the upper segments of the gastro-
intestinal tract in mammals and the prevention of exposure
to highly inhibitory gastric and duodenal bile acids
increase the chance of microbial survival of a complex com-
munity that contains susceptible low abundant species. It is
also mechanically advantageous to administer higher vol-
umes of fluid in a partly emptied stomach (following fast-
ing) to accelerate gastric emptying. To graphically visualize
the physical benefits of gastric bypassing as a function of
the volume of fluids administered, we prepared an illustra-
tion representing the distance of travel and expected local
density of bacterial single celled communities (Figure 2).
We illustrate that such factors modify the expected
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growth competition and residence times of microbes in the
gut lumen and allows for a more even distribution of the
probability of survival for each cell in a simulated tubular
system (Figure 2).

In short, we illustrate that if the volumes of administration
are large, the bacteria in suspension will be more likely to
reach faster and farther down the intestinal tract and achieve
the contact with a larger surface area over the gastrointestinal
mucosa following amore homogeneous distribution patterns.
Larger volumes of fluids in a well-hydrated yet fasted indi-
vidual is expected to result in intestinal peristalses rates that
move bacteria aborally faster (compared to low volumes in a
dehydrated over fed mouse), protecting them from the harsh
effects of the intestinal enzymes and pH changes in the upper
digestive tract (areas characterized by the high concentrations
of gastric, pancreatic, and hepatic enzymes). If the volume is
minimal, bacteria will be exposed to the mucosal surface in
the most proximal areas of the intestinal tract, promoting
higher bacterial densities, and bacterial competition. If
assessed based on cell density and generation rates, highly
dense environments will unevenly favor species that survive
the proximal intestinal environment and reproduce at faster
rates in the presence of primarily undigested diets (as
observed in vitro with Escherichia coli, Enterococcus faecalis,
and Lactobacillus reuteri),36 compared to microbes that grow
slowly and/or that are inhibited by the diet and diges-
tive secretions.

Discussion

That people agree on any given method primarily reflects
that the majority of users in any given field typically accept

the practice, but it does not necessarily make/imply that
such practice is perfect or truthful. Despite the profound
benefit of IACUC regulations on animal welfare, here we
highlight major variability and inconsistencies in the
description on gavage doses (e.g. volumes) across IGPs
from prominent institutions in the USA. In the literature,
there are reports describing as little as 100 mL for C57BL/6
mice, without justification of the method,40 which is less
than 10% of the body weight of an adult mice, as recom-
mended in most IGPs. Here we identified factors that,
according to the collected peer-reviewed evidence, may
arguably have deleterious effect on the humanized
murine intestinal microbiota, including small volumes of
administration. We propose an analytical consensus strate-
gy to systematically cover critical parameters for further
study and consideration by local IACUCs. The ultimate
goal of a gavage method is to increase the survivability of
microbial species of the FMT in the GF mouse model across
various human diseases.

The external validity of our consensus inference is quite
vast at least for the USA. Based on a global ranking system
of academic quality (which closely parallels that of research
quality), the institutions that made their IGPs public, which
we reviewed in this manuscript, covered a span of at least
the top �500 most reputable universities worldwide. As
needed, we referred to IGPs from other countries to illus-
trate the need to update the collective body of available
IGPs/guidelines. There is the evidence based on the use
of biological-like Bovine 2-microglobulin as a surrogate
for protein feeding that ‘gavaging mice to assess absorption
of orally ingested proteins can lead to artifacts not
seen when the protein is consumed under natural

Figure 1. The poor agreement between consensus guideline parameters across institutional protocols for the gavage of mice is more pronounced in high-ranking

research institutions. Notice the presence of at least three types of distinctive institutional protocols. They cluster primarily depending on the extent of parameter

agreement, and ranking of the institution, and not on the geographical region or year of ‘last protocol update.’ Protocols in Cluster ‘Clus.A’ have more guide parameters

in disagreement or are incompletely described, and protocols in clusters ‘Clus.B’ and ‘Clus.C’ have more guide parameters in agreement or better described. Scatter

(correlation) plot highlights the univariate nature of the association between the prestige of the university (high ranking place in the Global Academic Ranking System)

and the number of guide parameters in agreement. Multivariable linear regression confirms that the more highly ranked the institution is, the more likely it is to have a

protocol that is in disagreement or partially described compared to the pool of all available protocols (consensus agreement).
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circumstances.’41 Thus, it is important to improve quality of
guidelines for the gavage of mice. Although the body of
data assessing the impact of gavage practices on micro-
biome research and the survival of the members of

microbial communities within a given microbiome is
remarkably vast, the implementation of standard IGPs pro-
tocols is critical, especially for the gavage of live micro-
communities isolated from microscopic environments.

Table 3. Analytical consensus protocol for the gavage and oral administration of live ’delicate’ microbial communities to mice: Proposed parameters

and scientific rationale.

Parameters Problem and warning Criteria description and rationale

Volume of dose

(20 mL/kg; 0.2 mL/10 g of body

weight); use PBS (phosphate

buffered saline; do not use

water or 0.9% NaCl saline

alone since their pH is acidic

[�5.5] and cannot buffer the

gastric pH). Larger volumes (50

ml/kg) could also be be con-

sidered as shown in Table 1;

but conduct pilot studies for

local validation to promote

animal welfare.

Current protocols have variable use and definition

for typical, ideal, maximum, and absolute

maximum volume for the administration of

substances via gavage.

Note: This consensus protocol is revised

keeping into consideration the survival of

microorganisms from microscopic live com-

munities via gavage.

We do not encourage the use of small volumes.

Since actual rodent diets commercially available to

mice in USA have been shown to have an inhibitory

selection on some bacteria (e.g. L. reuteri and E.

coli), but promote others (e.g. E. faecalis),36 the

administration of live microbial communities espe-

cially from microcosmic communities could be

conducted after 4-6 h of fasting to prevent selec-

tion bias driven by the diet with appropriately large

volumes of buffered physiological saline to neu-

tralize the effect of the gastric acidity and bile acids

as biased inhibitory selection force on individual

microbes and microbial communities.37,38 Since

20 mL/kg of body weight has been validated in

animals, here we proposed to administer a micro-

organism community using 20 mL/kg of phosphate

buffered saline to mice following 5�0.5 h of fasting,

which has been shown to induce no stress in mice,

especially if fasting starts in the morning hours.39

Fasting period

Remove feed from cages in the

morning, and gavage 6 h later

during the day.

Do not fast overnight, or

gavage in the morning.

Note: Unless it interferes with medications or

toxicological parameters, this part of a protocol

has to be considered carefully for the adminis-

tration of chemicals since some medications

may promote gastritis after the fasting period.

To minimize stress on animals, changes in physio-

logical aggression, cortisol blood concentrations,

and to minimize the risk of gastric over distension

or potential discomfort with the volume infused, it is

necessary to remove the feed from the mouse

cages early in the morning and plan the gavage of

mice before the end of the working day. Fasting at

night is more difficult to control as it will exceed 6 h

of fasting. Also, nocturnal fasting elicits more pro-

found effect on mice due to their increased activity

during the day. Fasting reduces the gastric pH,

therefore we suggest using PBS.

Short-term fasting may not have a major effect on

intestinal motility, but if extended fasting occurs,

the pharmacokinetics of chemical compounds and

their bioavailability will be affected.39

Repeated doses per day Note: The repeated administration of microbial

communities to mice for health-related studies

is usually not needed. Data indicate that one

single dose will be sufficient to colonize GF

mice effectively.35

Current protocols are designed for the administration

of pharmacological or toxicological compounds,

which require repeated doses to achieve steady

states and reach pharmacologic potency due to

the intrinsic absorption and clearance rates. If used

for those purposes, this protocol allows for the

administration of up to three times a day using the

volumes established. However, since fasting may

interfere with daily feeding, it is necessary to con-

sult with the veterinarian/IACUC for specific per-

missions and/or conduct pilot studies as needed.

The same indication applies if gavage is needed to

administer microbial communities. Since the

gavage of microorganisms is conducted using PBS

as the vehicle, there will be no hypotonic over-

hydration of mice over a short-term period.

However, if gavage administration is required for a

longer periods of time, e.g. >2–3 days, renal

washout and electrolyte imbalances may arise

especially if 6 h fasting was maintained.

IACUC: Institutional Animal Care and Use Committee.

See further concepts in the ‘Discussion’ section.
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This has been especially critical in our center as we are
determining the role of microbial communities from intra-
mural cavernous fistulous tracts8 (IM-CavFT, or ’miCaves’)
lesions in Crohn’s Disease.

Using agreement statistics, we quantified that the meth-
ods do not agree as a collective. Using epidemiologically
valid principles, we then applied the listed criteria already
validated by IACUCs as minimum non-harmful practices
to the mice in order to develop ‘Analytical consensus IGPs
for the administration of chemicals’ and ‘Analytical consen-
sus IGPs for the administration of microbial organisms.’
Based on internal medicine and clinical pharmacology
principles, clinical and experimental microbiology, and
peer-reviewed literature we aimed at eliminating method
variability by proposing the use of the highest IACUC-

approved volume and dosing regimens available in the
reviewed IGPs, and proposed scientifically supported
new dose thresholds. The major change is our proposition
to use a unique (reproducible dose of) 20 mL/kg of body
weight, without restrictions, and accompanied with a 6 h
period of fasting. This is comparable to the time that
humans have to wait between lunch and dinner, for
instance. This time has also been shown to not bear delete-
rious effects for the mouse biology.39 Although the dose
regimens in the IGPs are not well supported within the
scientific literature, and there are contradicting estimates
of maximum stomach capacity,42 the 20 mL/kg volume
for microbiome purposes is among the practices approved
by some of the reviewed IACUCs. The manuscript propos-
ing such dose22 has been extensively cited. Even larger
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volumes are listed within the Rutgers University protocol
(i.e. a dosing table describes that up to 50 mL/kg of fluid
could be administered orally via gavage to a mouse with
the body weight exceeding 35 g, Supplementary File 1). A
consortium has stated that the ideal dosage is 10 mL/kg
with a max volume of 20 mL/kg, but this approach reflects
common practice and does not necessarily take into
account the described maximum volumes tolerated
by animals.43

Studies of the effect of gastric pH on microbial survival
have been well documented in the literature, and microbial
survivability in the gastric juice has been even a criterion
for the selection of probiotic strains.37 Not all microbes will
survive gastric acidity. Since it would be highly research
intensive to validate that the volume has an effect on each
microbial species for every particular donor sample, it is
advisable to follow criteria that are less likely to have a
selection bias, as the bacteria mixture bypasses the upper
parts of the intestinal tract. Therefore, we propose to use the
maximum volume allowed to favor the rapid transit of the
microbes to the more pH neutral intestinal milieu. This can
be achieved by using large volumes of pH buffered phys-
iological solutions (specifically, phosphate buffered saline)
instead of water, which cannot buffer the gastric acidity or
intestinal alkalinity.

In conclusion, publicly available IACUC protocols for
the oral gavage in mice have variably described parameters
and do not take into consideration potential adjustments
needed for the administration of live microbial communi-
ties. A unified consensus protocols with a list of biological
factors for consideration relevant to live microbiota in
microbiome studies are described, which would be better
suited for the study of villous-associated microcosmic
microbiotas from intestinal micro-pathologies in humans
and mice, especially those that could explain chronic
onset and progressive inflammatory8 or immunological
diseases, including Crohn’s Disease.
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