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Published: 01 Mar 2026 The use of antibiotics causes an imbalance between gram-positive and gram-negative bacteria.

This leads to acute enterocolitis, which may progress to poisoning and death. This study was
conducted in a laboratory animal breeding facility on a colony of guinea pigs previously
treated with antibiotics. Based on clinical and necropsy findings, antibiotic toxicity was
diagnosed. Clinical signs included anorexia and emaciation, occasionally leading to death.
Necropsy findings included congestion of the lungs, liver, kidneys, spleen, and intestines.
There was also distension of the gallbladder, cecum, and bladder.

Materials & Methods: A total of 48 adult guinea pigs from the affected colony were
selected and divided into four experimental groups. Group 1 (control) continued antibiotic
therapy. Group 2 discontinued antibiotics. Group 3 received daily probiotic yogurt alongside
antibiotics. Group 4 received only probiotic yogurt. Necropsies were performed on deceased
or clinically ill animals from the experimental groups and the breeding colony to investigate
infectious agents and histopathological changes.

Results: By the fourth week, clinical cases in groups 1-4 were 50, 30, 25, and 5 percent,

. respectively, with mortality rates of 100, 50, 35, and 0 percent. Necropsy findings transitioned

Keywords: from hyperacute to mild or normal. Due to the significant reduction in clinical signs and
. mortality with probiotic treatment, it was introduced to the colony for four months. By the
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in the colony. The disease was completely cured, and no recurrence was detected during at
least two reproductive cycles in breeding females.

Conclusion: The use of antibiotics in guinea pigs should be done with extreme caution.
The use of yogurt or supplements containing lactobacilli is effective both during and after
the administration of antibiotics to help restore the normal microbiota of the guinea pig’s

intestine.

1. Introduction

he gut microbiota is not a static ecosystem

but is constantly active and undergoing

changes. The gastrointestinal tract har-

bors approximately 100 trillion microor-

ganisms, predominantly anaerobic, which
constitute the microbiota. This number exceeds the total
number of cells in the human body by more than tenfold
[1]. The gut microbiota comprises a highly complex as-
sembly of diverse microorganisms. Within this intricate
system, numerous interactions exist between different
microorganisms and between them and the host organ-
ism. Despite this vast diversity, the microbiota rapidly
stabilizes into a consistent population. The composition
of the microbiota is determined by both host and micro-
bial factors. The stabilized microbiota aids the animal in
resisting infections, particularly in the gastrointestinal
tract [2]. The presence of this microbiota is essential
and beneficial for animals. Any imbalance promotes
the proliferation of harmful bacteria, adversely affecting
animal health and performance [3]. Among the microor-
ganisms constituting the microbiota, lactobacilli inhibit
the growth of pathogenic bacteria and play a significant
role in the immune system. Dietary changes, antibiotic
exposure, and infections may disrupt the symbiosis and
balance of the host’s microbiota, leading to the prolif-
eration of pathogenic species and subsequent dam-
age [1]. Guinea pigs typically possess a predominantly
gram-positive gut flora. Antibiotics, particularly those
targeting gram-positive organisms, can disrupt the bal-
ance between gram-positive and gram-negative bacteria.
This mechanism leads to acute enterocolitis, toxicity,
and death [1, 4]. Guinea pigs are highly sensitive to an-
tibiotics, especially those targeting gram-positive bacte-
ria. The natural intestinal flora of guinea pigs primarily
consists of gram-positive organisms such as streptococci
and lactobacilli. Administration of anti-gram-positive
antibiotics in guinea pigs eradicates the natural flora,
leading to the overgrowth of gram-negative bacteria
and opportunistic anaerobes such as Clostridium dif-
ficile. Antibiotics administered orally, by injection, or
topically can induce toxicity. C. difficile appears to play

a primary role in antibiotic-associated enterotoxemia.
Additionally, Escherichia coli has been observed to
cause bacteremia in treated animals. Necropsy of guin-
ea pigs with antibiotic toxicity reveals cecal mucosal
edema and hemorrhage. Mucosal necrosis and inflam-
mation may also be seen in the cecum and intestines.
All antibiotics should be administered cautiously at the
lowest effective dose. Animals often die without clini-
cal signs following antibiotic administration. Those not
succumbing acutely may exhibit anorexia, dehydration,
and hypothermia prior to death. No specific treatment
exists, but avoiding antibiotics effectively prevents this
condition [4-7]. Drugs such as penicillin, ampicillin,
amoxicillin, chlortetracycline, lincomycin, clindamy-
cin, erythromycin, bacitracin, streptomycin, and cepha-
losporins can induce toxicity in guinea pigs and should
be avoided. These drugs create conditions conducive to
the overgrowth of pathogenic species. C. difficile over-
growth and its toxin production increase gastrointestinal
motility, resulting in diarrhea [5-8]. Broad-spectrum
antibiotics such as enrofloxacin, fluoroquinolones,
trimethoprim-sulfonamide combinations, tetracycline,
and chloramphenicol are considered low-risk for guinea
pigs, with minimal potential to harm the microbiota.
Oral chloramphenicol at 50 mg/kg every 6—12 hours is
non-toxic [4, 9]. Dairy products containing lactobacilli
or other probiotics are often recommended to prevent or
minimize adverse effects of antibiotic administration in
animals such as rabbits, guinea pigs, and hamsters. Ad-
ditionally, these products are advised for stress-induced
diarrhea. Concurrent or post-antibiotic administration
of yogurt or dietary supplements containing lactobacilli
aids in restoring the natural intestinal flora of guinea
pigs. Yogurt can be administered orally at approximately
5 mL daily [5-8]. Fermentative bacteria responsible for
dairy product acidification are gram-positive, lactic acid-
producing organisms, including lactobacilli, bifidobacte-
ria, and streptococci. These bacteria compete with poten-
tial pathogens for epithelial colonization in the intestines,
thereby preventing or minimizing enteritis. Furthermore,
lactic acid bacteria are believed to stimulate gastrointes-
tinal immune function, reduce serum cholesterol, and
exhibit antitumor properties [6]. Lactic acid probiot-
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ics confer health benefits, enhancing weight gain, feed
conversion efficiency, gut flora modulation, and disease
resistance. Lactobacillus-derived probiotics release pro-
tective substances such as enzymes and bacteriocins.
They also modify toxin receptors and block toxin-me-
diated signaling pathways. Lactic acid lowers intestinal
pH, enhancing protease, lipase, and amylase activity,
thereby improving nutrient digestion and absorption.
Probiotic microorganisms can adhere to and colonize
the intestinal epithelium [10]. Probiotics are live mi-
crobial cells that, when administered in adequate doses,
confer health benefits, primarily by reinforcing intesti-
nal and mucosal barriers against enteropathogen colo-
nization, modulating immunity, exerting anticancer and
antimutagenic effects, improving lactose utilization, and
reducing serum cholesterol. Most probiotics are bacteria
of the Lactobacillus and Bifidobacterium genera, which
are components of the gastrointestinal flora. However,
non-pathogenic bacteria such as streptococcus, certain
E. coli strains, Enterococcus faecium, and yeasts like
Saccharomyces boulardii are also used in probiotics.
The intestines host a complex and dynamic microbial
ecosystem, with microbiota playing critical metabolic,
nutritional, and protective roles. The normal structure
and function of the intestines result from intricate inter-
actions between the host and resident microorganisms.
Several studies demonstrate that probiotics restore mu-
cosal integrity and regulate immune responses [11, 12].
Probiotics are supplements of live microorganisms that,
when administered in sufficient doses, benefit the host
by balancing the gastrointestinal microbial population.
These microorganisms compete with enteropathogens
for binding sites in the intestines [3, 11, 12].

2. Materials and Methods
2.1. Study population and conditions

This study was conducted in a laboratory guinea pig
breeding colony of the Pirbright strain, comprising 180
male and 360 female breeders, along with 400 male and
440 female neonates and juveniles, over a four-month
period (from the study’s initiation in April to the be-
ginning of September 2023). Clinical signs, including
lethargy, anorexia, stunted growth, weight loss, emacia-
tion, and reluctance to move were observed, ultimately
leading to death. Historical data revealed that the colony
had been treated with antibiotics for a bacterial infection
approximately six months prior to the study. However,
antibiotic use not only failed to control the disease but
also exacerbated its severity. Clinical cases and mor-
talities were reported in neonates, adults, and breeders.
During the six-month period, enrofloxacin and trim-
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ethoprim/sulfadiazine were added to drinking water for
the first two months, followed by doxycycline for the
subsequent four months at therapeutic doses. Dosages of
these drugs were not specified. Animals were fed stan-
dard laboratory guinea pig pellets and provided water ad
libitum. The breeding system was conventional, using
polycarbonate shoebox-type cages (type 4), with two fe-
males and one male per cage. Post-weaning, pups were
separated at 200 g body weight, sexed, and transferred
to other cages. Sterilized aspen wood shavings were
used as bedding, replaced twice weekly. The breeding
room was maintained at 22-24 °C, 45-55% humidity,
with 8-10 air exchanges per hour (3-minute cycles), a
12:12-hour light/dark cycle, and light intensity below
325 Lux [13].

At the onset of the study, necropsies were performed
on deceased or clinically ill guinea pigs suspected of
antibiotic toxicity, adhering to ethical guidelines for
laboratory animal welfare. To prevent adverse effects
of antibiotics, treatment with them was completely dis-
continued in the colony. Forty-eight adult guinea pigs
(16 males and 32 females) were randomly selected from
the affected colony and divided into four experimental
groups. Animals were housed in compliance with full
animal welfare standards and guidelines for the care and
use of laboratory animals. Each group was housed in four
type 4 cages, with one male and two females per cage.
Group 1 (control) continued antibiotic therapy with the
same type and dosage as the breeding colony for four
weeks. Group 2 discontinued antibiotic administration.
Group 3 received probiotic yogurt at 20 g/L in drinking
water daily alongside antibiotics for four weeks. Group
4 received only probiotic yogurt at 20 g/L in drinking
water daily for four weeks. After one month of probiotic
yogurt administration in the breeding colony (20 g/L in
drinking water daily), the regimen was adjusted to three
times weekly in the fourth month and once weekly in
the fifth month. Necropsies were performed on newly
deceased or clinically ill animals from the breeding
colony to investigate infectious agents and histopatho-
logical changes. Tissue samples (lungs, liver, kidneys,
spleen, and intestinal contents) were collected for bacte-
rial culture on blood agar, MacConkey agar, and tryptic
soy broth (TSB). Tissue samples for histopathological
examination were fixed in 10% formaldehyde solution.
Following adequate fixation, 5-um-thick sections were
prepared from paraffin-embedded blocks, stained with
hematoxylin and eosin (H&E), and examined micro-
scopically. The guinea pigs’ diet was sent to a special-
ized laboratory for chemical and toxicological analysis.
Carcasses of euthanized guinea pigs were disposed of
using an infectious waste disposal device (Hydroclave).

507
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Statistical analysis of the data (excluding histopathologi-
cal results) was performed using the chi-square test, with
a significance level set at P<0.05, using SPSS software,
version 27.

3. Results

3.1. Clinical, mortality and necropsy findings in
symptomatic, experimental and breeding colonies

By the end of the four-week experimental period, the
percentage of the clinical cases observed in groups 1 to 4
were 50, 30, 25, and 5 percent, respectively, and the mor-
tality rates were 100, 50, 35, and 0. The index changes
in necropsy signs were hyperacute, acute, moderate, and
normal, respectively. In the breeding colony, the per-
centage of clinical cases observed in months 1 to 4 were
30, 15, 5, and 0 percent, respectively, and the mortality
rates were 100, 45, 20, and 0, and the index changes in
necropsy signs were acute, moderate, mild, and normal,
respectively. Clinical signs included lethargy, anorexia,
stunted growth, weight loss, emaciation, and reluctance
to move, occasionally leading to death. Necropsy find-
ings included congestion of the lungs, liver, kidneys,
spleen, and intestines; liver margin swelling; occasional
intestinal diarrhea; adrenal enlargement; gallbladder dis-
tension; and dilation of the cecum, intestines, and blad-
der (Figure 1).

3.2. Chemical analysis of the guinea pig diet

Chemical analysis of the guinea pig diet revealed no
nutritional deficiencies [14].

3.3. Bacterial culture results

Bacterial cultures identified B-hemolytic Streptococ-
cus (e.g. pneumoniae), C. difficile, and Klebsiella pneu-
moniae.

3.4. Histopathological results

Histopathological findings included pulmonary con-
gestion and atelectasis foci; sinusoidal congestion and
hemorrhage with hepatocyte ballooning in the liver;
renal interstitial edema and tubular coagulation foci;
mild to moderate lymphoid depletion and parenchymal
edema in the spleen; and submucosal degeneration and
edema in the intestines (Figures 2, 3, 4, and 5).

Following discontinuation of antibiotics and probiotic
yogurt administration, a significant reduction in clinical
cases, mortality, and histopathological lesions confirmed
the resolution of antibiotic toxicity in both experimental
and breeding colonies (Figure 6).

Archives of Razi
Institute Journal

4. Discussion

Antibiotics are not directly toxic to guinea pigs but in-
duce adverse effects on their gut microbiota. Gram-posi-
tive bacteria, particularly streptococci, are the predomi-
nant microorganisms in the gastrointestinal tract of
guinea pigs. In the cecum, streptococci outnumber coli-
form bacteria by a factor of 100 million. A common side
effect of antimicrobial use in certain rodent species, in-
cluding guinea pigs, is enteritis, with C. difficile being
the primary causative agent. C. difficile is a component
of the natural intestinal flora but becomes pathogenic
when overgrown, as evidenced by the clinical signs and
bacterial culture results in this study. Other factors con-
tributing to antibiotic-associated enteritis in sensitive ro-
dents include the complex physiology of the intestine
and the host’s microbiota. Intramuscular administration
of 2,000 IU of penicillin or ampicillin at 6 mg/kg kills
75% or more of treated guinea pigs. Goicochea-Vargas et
al. (2025) reported that a single dose of clindamycin
phosphate can induce enteritis in guinea pigs [6]. Several
antibiotics are implicated in C. difficile-associated en-
teritis in mice, hamsters, and guinea pigs. Spontaneous
enteritis caused by this bacterium without antibiotic use
has also been reported in rodents. Clinical signs of anti-
biotic-associated enteritis range from mild diarrhea to
acute colitis [6]. The findings suggest that administering
yogurt or other lactobacilli-containing products along-
side antimicrobial agents prevents or minimizes antibiot-
ic-associated enteritis. Interest in the therapeutic proper-
ties of dairy products dates back to Metchnikoff’s
proposal that daily consumption of fermented milk prod-
ucts enhances health and prolongs human lifespan [5, 6].
Miranda-Yuquilema et al. (2024) reported that agricul-
tural byproducts fermented with lactobacilli and yeasts
positively influenced guinea pig gut microbiota, improv-
ing intestinal health, weight gain, and reducing diarrhea
and mortality while restoring gastrointestinal microbiota
to normal levels. In their study, guinea pigs receiving
probiotics exhibited increased growth of administered
microorganisms (e.g. lactobacilli, saccharomyces) and
reduced populations of E. coli, Salmonella, and other
Enterobacteriaceae [10]. Probiotic use also altered gram-
negative and gram-positive bacterial populations, in-
cluding lactobacilli, bacilli, and yeasts, with significant
reductions in pathogenic bacteria such as Staphylococ-
cus, Enterococcus, Listeria, and Salmonella. These
changes correlated with diminished clinical signs and
histopathological lesions, confirming the efficacy of pro-
biotics in restoring microbiota and achieving full recov-
ery [10]. Probiotics are live microbial supplements that,
when administered in adequate doses, benefit the host by
balancing gastrointestinal microbial populations. These
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Figure 1. Severe congestion in the lungs, liver, and kidneys; diarrhea in the small intestine; gallbladder and cecal distension

Figure 2. Pulmonary congestion and atelectasis foci (H&E stain, x32)

microorganisms compete with enteropathogens for in-
testinal binding sites, a process enhanced by probiotic-
secreted bacteriocins and intestinal peristalsis [3]. Lacto-
bacilli can also combine with nutrients like fiber, exerting
therapeutic effects through mucosal adhesion [1]. Gut
microbiota and probiotic bacteria produce bacteriocins,
organic acids, and hydrogen peroxide, which exert bac-

tericidal effects against enteropathogens. Certain gut
bacteria secrete enzymes such as f-glucuronidases and
bile salt hydrolases, releasing bile acids that inhibit unde-
sirable bacteria, while others produce digestive enzymes
and metabolites that neutralize bacterial toxins, enhanc-
ing intestinal immunity. Probiotics used in animals pri-
marily belong to Lactobacillus, Streptococcus, Lacto-

Figure 3. Sinusoidal congestion, hemorrhage, and hepatocyte ballooning in the liver (H&E stain, x100)
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Figure 4. Renal interstitial edema and tubular coagulation foci (H&E stain, x100)

Figure 5. Severe submucosal degeneration and edema in the intestines (H&E stain, x32)

coccus, and Bifidobacterium genera [3]. Criteria for a
microorganism to qualify as a probiotic include that it be
natural, part of the host’s gastrointestinal microbiota, and
not toxic or pathogenic. It must be capable of adhering to
the host intestinal epithelium. It should be cultivable on
an industrial scale and be stable in commercial prepara-

tion. It should not be damaged by the action of digestive
enzymes, should quickly settle in the host’s intestine, and
should have an antagonistic effect on pathogenic micro-
organisms. It must be stable under storage conditions
and in the host animal’s body and be able to survive for
a long time [2, 3]. Probiotics are employed in poultry,
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swine, rabbit, cattle, and horse production to improve
growth, feed conversion efficiency, and control patho-
genic and non-pathogenic microorganisms. Their effi-
cacy depends on animal species, age, health status, pro-
biotic composition, and dosage [3]. Lactobacilli exhibit
detoxification properties, neutralizing toxins or toxic
compounds critical for host health. For example, Lacto-
bacillus reuteri and L. acidophilus increase tumor necro-
sis factor (TNF)-a levels in response to ochratoxin A. In
C. difficile-associated diarthea, L. plantarum, L. fermen-
tum, L. acidophilus, and L. rhamnosus play therapeutic
roles. In this study, probiotic yogurt administration fully
resolved diarrhea. Fei et al. reported that L. kefir exhibits
nitrite degradation and cadmium detoxification activities
[1]. Probiotic strains displace pathogens in the host, im-
proving gastrointestinal health. Lactobacilli compete
with pathogens for nutrient absorption and mucosal ad-
hesion, secreting antimicrobial agents (organic acids,
bacteriocins, hydrogen peroxide) that neutralize patho-
gens, lower intestinal pH, and produce biosurfactants. L.
acidophilus and L. plantarum inhibit Salmonella infec-
tion in intestinal epithelial cells. L. acidophilus suppress-
es pathogens such as Pseudomonas aeruginosa, E. coli,
Enterobacter, and Klebsiella spp. antivirally, lactobacilli
block viral entry by coating surface proteins [1]. Gut
dysbiosis can lead to diarrhea, enteritis, and colitis. Bifi-
dobacterium brave, B. longum, B. infantis, L. acidophi-
lus, L. plantarum, L. bulgaricus, and L. casei mitigate
antibiotic-associated diarrhea by restoring microbiota
balance [1]. C. difficile, a Gram-positive, spore-forming
anaerobe, causes antibiotic-associated diarrhea and coli-
tis. Boonma et al. demonstrated that vancomycin-resis-
tant L. rhamnosus and L. casei inhibit C. difficile-induced
IL-8 production [15]. Probiotics can be administered via
various methods, with commercial preparations predom-
inantly containing Lactobacillus or streptococcus. Spe-
cies used include L. bulgaricus, L. acidophilus, L. casei,
L. helveticus, L. lactis, L. salivarius, L. plantarum, Strep-
tococcus thermophilus, E. faecium, E. faecalis, Bifido-
bacterium spp., and E. coli. Notably, L. bulgaricus and S.
thermophilus (yogurt cultures) qualify as probiotics [2,
16]. The marked reduction in clinical signs, histopatho-
logical lesions, and bacterial culture results in this study
confirms the efficacy of probiotic yogurt in normalizing
guinea pig microbiota and achieving full recovery. Bolla
et al. (2013) demonstrated the protective effects of kefir-
derived lactic acid bacteria and yeasts against C. difficile
infection in a hamster model, preventing diarrhea and
enterocolitis [17, 18]. Enterotoxemia refers to the over-
growth of toxin-producing bacteria (particularly Clos-
tridium species) in the gastrointestinal tract, exacerbated
by stress, abrupt dietary changes, and inappropriate anti-
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biotic use [19]. Clinical signs of antibiotic-associated
enterotoxemia emerge 1-5 days post-administration and
include anorexia, dehydration, and hypothermia, with
variable diarrhea presence. Prevention involves high-fi-
ber diets, stress reduction, and commercial Lactobacillus
probiotics [20]. Antibiotic toxicity in rodents and rabbits
is a secondary effect of gut dysbiosis. In guinea pigs,
mortality often results from toxins produced by C. diffi-
cile overgrowth [21-25]. Colitis severity varies with an-
tibiotic dose, opportunistic pathogen strain, and host sus-
ceptibility, manifesting as progressive lethargy, rough
coat, diarrhea, and death. Necropsy reveals distended
ceca containing bloody fluid, with severe mucosal in-
flammation and ulceration [9, 19, 24]. C. difficile spores
persist in the environment, and toxigenic strains produce
exotoxins A (enterotoxin) and B (cytotoxin). Toxin B re-
quires toxin A for mucosal access, with toxin A inducing
fluid secretion, mucosal damage, inflammation, and cell
death [9, 19, 24]. In this study, the significant decline in
morbidity and mortality following antibiotic discontinu-
ation and probiotic yogurt use, alongside the resolution
of histopathological lesions, confirms the resolution of
antibiotic toxicity in the guinea pig colony. By the fourth
month, no antibiotic toxicity cases were observed in the
breeding colony, with full disease resolution and no re-
currence during at least two reproductive cycles. The
colony remained disease-free for 10 months post-inter-
vention, with no issues in vaccine or biological product
quality control tests.

5. Conclusion

These findings underscore that probiotics, particularly
accessible and cost-effective options like probiotic yo-
gurt, play a critical role in correcting dysbiosis and accel-
erating recovery in antibiotic-treated sensitive animals
such as guinea pigs and rabbits.
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