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Streptococci are gram-positive, coccoid bacteria that typically 
are classified according to their hemolytic capacity. α-hemolytic 
streptococci produce a zone of partial hemolysis that appears 
greenish on blood agar, whereas β-hemolytic streptococci pro-
duce a zone of complete hemolysis, and γ-hemolytic organisms 
produce no hemolysis on blood agar.24 The β-hemolytic strepto-
cocci are further subdivided into Lancefield groups (A through 
G), according to cell-wall carbohydrate antigens.24,29,39 The group 
B β-hemolytic Streptococcus (GBS) have been speciated as Strep-
tococcus agalactiae.28,39 It was first isolated as a causative agent of 
mastitis in cattle.29 This organism has since been recognized as 
a cause of severe infection in human neonates.28,39 In humans, 
GBS is harbored asymptomatically in the maternal genitourinary 
tract.24,28 Infants can be infected and present with serious systemic 
disease in the first week of life (early-onset GBS) or from 1 wk to 
3 mo of age (late-onset GBS).39 In laboratory animals, rats have 
been used experimentally as models for neonatal1,6,7,20,37,38,43,44,47,50,51 
or adult45 GBS infection, but to our knowledge, GBS has not been 
associated with spontaneous disease in rats.

Case Report
Rats. The rats in this case series consisted of offspring of the Mu-

nich Wistar Frömter strain (MWF; inhouse colony, original source 
unknown) crossed onto Fischer 344 rats (Harlan, Indianapolis, 
IN) transgenic for the human diphtheria toxin receptor (hDTR; 

University of Michigan Transgenic Core, Ann Arbor, MI) driven 
by a podocin promoter. These rats were in a breeding colony at an 
AAALAC-accredited animal research facility and on an IACUC-
approved study regarding the mechanisms of glomerular injury. 
Rats were housed in static microisolation cages in a temperature-
controlled room regulated with a 12:12-h light:dark cycle, fed a 
commercial diet ad libitum (Lab Diet 5008, PMI Nutrition Interna-
tional, Brentwood, MO), and provided filtered city water ad libi-
tum by an automated watering system. No special treatment (for 
example, autoclaving, irradiation, sterilization) of the food, bed-
ding, water, or caging for these rats was used. A rotating breeding 
system (2 male, 4 female rats) was used. Male rats usually were 
removed prior to parturition, but occasionally the female rat was 
bred again during the postpartum estrus. However, once pups 
were noted in the cage, the male rat was always removed. Colony 
health was monitored by use of a semiannual dirty bedding sen-
tinel system. Three sentinel rats (Sprague–Dawley) were used for 
every 50 to 70 cages and these animals remained negative for the 
following infectious agents during the time period covered by 
this report: sialodacryoadenitis virus, rat parvovirus, Kilham rat 
virus, Toolan H1 virus, rat minute virus, Syphacia spp., Aspiculuris 
tetraptera, Sendai virus, pneumonia virus of mice, Theiler mu-
rine encephalomyelitis virus strain GDVII, reovirus type 3, Myco-
plasma pulmonis, lymphocytic choriomeningitis virus, and mouse 
adenovirus. Efforts were not made to screen for GBS, because it is 
not considered a primary pathogen in normal rats.

Culturing protocol. Fresh tissue or samples taken by using a 
swab transport system (Remel Bactiswab, Thermo Fisher Scien-
tific, Lenexa, KS) were shipped on ice for microbiologic testing at 
a diagnostic laboratory accredited by the American Association 
of Veterinary Laboratory Diagnosticians (Diagnostic Center for 
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of 10 pups that were born to another dam and sire carrying the 
MWF-hDTR transgene. The 2 euthanized pups (cases 9 and 10) 
were submitted for necropsy. No gross lesions were noted. Case 9 
had myocardial necrosis similar to that in case 1 (Figure 1 E). Mul-
tifocal clusters of coccoid bacteria accompanied by degenerate 
and necrotic cardiac myocytes were present in the left and right 
ventricular walls and within the left ventricular papillary muscle. 
There were minimal neutrophils or other inflammatory cells. All 
remaining major organs (brain, lung, gastrointestinal tract, liver, 
kidneys, adrenal glands, and testes) had no significant histologic 
lesions. Case 10 did not have histologically detectable bacteria or 
necrosis. Sternal and femoral bone marrow from cases 9 and 10 
was hypocellular, with increased adipose tissue, few megakaryo-
cytes, minimal small erythroid islands, decreased numbers of 
mature erythrocytes, and minimal mature or precursor myeloid 
cells. Histologically evident large clusters of gram-positive cocci 
were suggestive of Staphylococcus or Streptococcus spp. Given the 
previous identification of GBS and the identical signalment and 
histologic lesions in this subsequent presentation, bacterial cul-
tures were not performed.

Transgene contribution. Genotyping information was obtained 
for 9 of the 10 submitted pups and their parents (Table 1), due to 
concern that a transgene-related bone marrow defect was caus-
ing susceptibility to opportunistic infections. Genotyping was 
performed by PCR using established hDTR primers48 on DNA 
obtained from a tail snip taken at 14 to 21 d of age. Two rats (cases 
9 and 10) with depleted bone marrow were homozygous for the 
transgene; however, 2 other homozygotes (cases 2 and 3) had 
normal bone marrow. For one rat with depleted bone marrow 
(case 1), genotyping information was not available. There were 5 
heterozygotes, all of which had normal bone marrow.

Treatment plan. Based on the genotyping information, we 
considered it unlikely that the GBS infections were secondary to 
transgene-mediated bone marrow depletion. Instead, we theo-
rized that an opportunistic infection with GBS caused secondary 
myeloid depletion. Depletion of the neutrophil storage pool is not 
infrequent in neonates of many species and has been reported in 
neonatal humans with bacterial infections, including GBS.15 Be-
cause the remaining transgenic breeding stock was extremely lim-
ited (3 female, 1 male rat) and of high value to the research project, 
a treatment protocol was developed in an effort to preserve and 
increase the colony. This protocol was designed based on current 
recommendations from the Centers for Disease Control regard-
ing GBS prophylaxis in pregnant women.4,9,27,46 The intent of our 
protocol was to block disease transmission to pups by decreasing 
the likelihood of bacterial shedding by the dam during the post-
partum and lactation period. Baseline (nonpregnant) vaginal and 
rectal cultures would be obtained from all 3 remaining female 
rats, which would be cultured again during late pregnancy. If 
positive for GBS, the dams were to be treated subcutaneously 
with 6000 IU penicillin G benzathine (0.03 mL Combi-Pen-48, Bi-
meda, Oakbrook Terrace, IL), around the time of parturition and 
every 10 d thereafter until the pups were weaned.31,46

Baseline (nonpregnant) rectal cultures from all 3 female rats 
(cases 11 through 13) were negative for GBS. The vaginal culture 
from case 12 yielded GBS, whereas the other 2 vaginal cultures 
(cases 11 and 13) were negative for GBS. Other organisms (E. coli, 
Enterococcus, α-hemolytic Streptococcus, nonhemolytic Streptococ-
cus, Staphylococcus spp.) were present in low numbers and were 
considered to be commensal organisms. Cases 12 and 13 never 

Population and Animal Health, Michigan State University, East 
Lansing, MI). The samples were grown and enriched in Todd– 
Hewitt broth. A CAMP test then was performed to establish wheth-
er GBS organisms were present. To further verify these results, a  
latex agglutination test was performed to determine the Lance-
field group of the β-hemolytic Streptococcus organism (Remel 
PathoDx, Thermo Fisher Scientific, Lenexa, KS).

Index cases. Six 21-d-old rat pups were presented to the vet-
erinary staff. One was moribund and required euthanasia; the 
remaining 5 pups were smaller than their cohorts in the room 
but were otherwise healthy. We subsequently learned that a pup 
from this litter was found dead and another was euthanized on 
the day prior to presentation. The dam and sire were 4 and 6 mo 
old, respectively. Only the pup euthanized by the veterinary staff 
(case 1) was available for necropsy and histopathology.

The significant gross finding for case 1 was a focal white lesion 
(diameter, approximately 1 mm) in the left free wall of the heart. 
Histologically, this lesion corresponded to an area of myofibril-
lar degeneration (hypereosinophilia, swelling, loss of cross-stria-
tions) and necrosis (pyknosis, karyolysis) accompanied by large 
clusters of gram-positive, coccoid bacteria within the ventricular 
myocardium (Figure 1 A). Similar foci were seen in other areas of 
the myocardium. Very few inflammatory cells were seen in asso-
ciation with the bacteria. A similar focus of bacteria but without 
inflammation was present in the spleen (Figure 1 B). The spleen 
had minimal extramedullary hematopoiesis, and bone marrow 
from the femur, sternum, and skull bones was hypocellular, with 
mature erythrocytes but minimal myeloid or erythroid progeni-
tors (Figure 1 C). All remaining major organs (brain, lung, gas-
trointestinal tract, liver, kidneys, adrenal glands, and testes) had 
no significant histologic lesions. Lung, spleen, and liver samples 
were submitted for bacterial culture. No organisms were isolated 
from the lung or spleen but numerous β-hemolytic GBS were iso-
lated in pure culture from the liver.

One of the 5 remaining rat pups (case 2) developed an abscess 
on the left hindlimb, and the right hindlimb became diffusely 
swollen. Numerous GBS were cultured from the abscess, along 
with moderate numbers of coagulase-negative Staphylococcus 
species that were considered to be skin-surface contaminants.

To prevent further disease dissemination, the remaining pups 
(cases 2 through 6), dam (case 7), and sire (case 8) were eutha-
nized and submitted for necropsy. No significant gross or his-
tologic lesions were noted for cases 3 through 6. In case 2, the 
abscess on the left hindlimb had resolved, but the right hindlimb 
remained diffusely swollen with a pale pink to slightly translu-
cent subcutis. Histology showed mild subcutaneous and intra-
muscular edema and lymphatic dilation, but no causative agent was 
evident. The bone marrow for case 2 appeared normal (Figure 1 D). 
All remaining major organs (brain, lung, gastrointestinal tract, 
liver, kidneys, adrenal glands, and testes) had no significant his-
tologic lesions. The dam and sire (cases 7 and 8, respectively) had 
end-stage kidney alterations that featured membranoproliferative 
glomerulonephropathy, tubular nephrosis, proteinosis, and corti-
cal fibrosis; early-onset renal failure is a typical clinical manifesta-
tion for rats of this genetic background.19,34,41 Because these cases 
were considered to be an isolated event, no further action was 
taken at the time.

Second outbreak. Six months after the initial presentation, three 
24-d-old rat pups were found dead, and 2 required euthanasia 
due to their moribund condition. These rats were from a litter 
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Figure 1. Histopathology. (A) Heart case 1. Multifocal myofibrillar degeneration and necrosis accompanying large clusters of coccoid bacteria without 
accompanying inflammation. Hematoxylin and eosin stain; bar, 20 μm. Inset, Gram stain of heart showing gram-positive cocci within the ventricular myo-
cardium. (B) Spleen, case 1. Focal aggregate of coccoid bacteria (arrow) without accompanying inflammation. Hematoxylin and eosin stain; bar, 50 μm. 
(C) Bone marrow, case 1. Marrow is hypocellular; bar, 100 μm. Inset, Higher magnification (600×) view of the bone marrow. Hematoxylin and eosin stain. 
(D) Normal age-matched rat bone marrow; case 2. Bar, 100 μm. Inset, Higher magnification (200×) view of the bone marrow. Hematoxylin and eosin stain. 
(E) Heart; case Number 9. Multifocal botryoid clusters of bacterial cocci (arrows) surrounded by degenerate and necrotic cardiac myocytes. Inflamma-
tory cells were not associated with the cardiac lesions. Bar, 500 μm Inset, Higher magnification (600×) view of the heart. Multifocal clusters of bacteria are 
present within the ventricular myocardium. Hematoxylin and eosin stain. (F) Glomerulus, case 15. Clusters of coccoid bacteria (arrow) are present within 
the capillaries. Hematoxylin and eosin stain; bar, 20 μm. Inset, Gram stain of the kidney showing gram-positive cocci within the glomerular capillaries.
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from their dam. All of the 6 treated pups recovered. The bone 
marrow was not examined in cases 14 or 15. The genotypes of 
cases 14, 15, and 17 could not be obtained; case 16 was homozy-
gous for the hDTR transgene (Table 1). Given the previous data 
and the fact that case 17 did not develop disseminated disease, we 
again presumed it unlikely that the hDTR transgene played a role 
in the pups’ susceptibility to GBS infection.

Colony follow-up. Due to the sporadic occurrence of illness and 
the small colony size, we decided to treat every MWF-hDTR dam 
at the time of parturition with penicillin according to the same 
treatment protocol as mentioned earlier. Since beginning this anti-
biotic regimen, a total of 57 MWF-hDTR rat pups have been born 
over a period of 8 mo, and the colony currently has a total of 25 
rats. No additional cases of GBS sepsis have occurred during this 
period. As of the writing of this report, follow-up vaginal cultures 
were performed on the 10 remaining female rats, and none was 
positive for GBS. Additional cultures will likely be taken at future 
time points to better establish the epidemiology of GBS in this 
rat colony.

Discussion
To our knowledge, our report includes the first cases of natu-

rally occurring GBS infection in postnatal rats. However, neo-
natal rats are commonly used experimentally as animal models 
of human neonatal GBS infection. The clinical presentation in 
neonatal rats after experimental inoculation can include men-
ingitis, bacteremia, pneumonia, and death.20,47 There are reports 
of naturally occurring GBS infections in other species, including 
dogs,30 cats,17 fish,18 and mice.21,42 In one of the reported outbreaks 
in mice, affected animals were 4- to 6-wk-old athymic nude mice 
that had lesions consistent with meningitis, encephalomyelitis, 
and rhinitis.42 The other reported outbreak involved DBA/2 mice 
of various ages, including adults, and multiple organ systems, 
including the heart, uterus, kidneys, lungs, liver, and brain, were 
affected.21 In comparison to these 2 case reports in mice, the lack 
of inflammation at the site of infection and the depletion of the 
bone marrow were features unique to our rats.

With regard to the hypocellularity and lesions seen within the 
bone marrow, the hDTR transgene44 and the MWF background 
do not appear to be involved directly. hDTR homozygotes and 

became pregnant and eventually were culled from the colony. 
However, case 11 had 2 litters of pups. Although this dam had a 
GBS-negative baseline culture, a vaginal swab taken 1 wk prior 
to parturition of litter 1 yielded GBS; the corresponding rectal 
swab was negative for GBS. In light of the inability to isolate GBS 
from any of the rectal swab samples, this method of sampling was 
no longer used. For litter 1, penicillin injections were initiated at 
day 1 postpartum and continued every 10 d until the pups were 
weaned (21 d of age; 3 doses total). Genital (vaginal or preputial) 
cultures were taken from 9 of 10 pups at weaning (day 21) and 
one month later (day 51) to detect carriers; one pup was eutha-
nized prior to the day-21 culture due to an unrelated ocular le-
sion. Genital (vaginal or preputial) cultures were negative for 
GBS in all 9 tested pups at both time points. A second litter of 
10 pups was born to the same dam and, for this litter, the dam 
was not treated. All pups were healthy and survived through 
weaning. Shortly after weaning the second litter, the dam (case 
11) was euthanized and was not available for follow-up culture 
or necropsy.

Final outbreak. Due to the successful outcome observed in the 
second litter of case 11, the treatment protocol was discontinued 
for the breeding colony. However, 8 mo after the second outbreak, 
a litter of 21-d-old pups from this same colony was reported to the 
veterinary staff. Six of the 8 pups were hunched and unkempt, 
and the remaining 2 were dead (cases 14 and 15). Necropsies per-
formed on cases 14 and 15 yielded no remarkable gross findings. 
Histologically, there was evidence of sepsis, with renal micro-
vascular thrombosis and coccoid bacterial aggregates in the liver 
and kidney (case 14) and in the spleen, kidney, and heart (case 
15; Figure 1 F). The coccoid bacterial aggregates noted in cases 14 
and 15 did not have any accompanying inflammation. Numerous 
GBS organisms, along with very few colonies of E. coli, were iso-
lated from liver in case no. 14. The remaining pups were weaned 
according to sex and were all clinically normal initially. However, 
8 d after weaning, one male and one female rat (cases 16 and 17) 
developed subcutaneous abscesses adjacent to the left eye and on 
the left forelimb, respectively. All pups were started on the same 
antibiotic regimen as used previously for the dams. This therapy 
was discontinued for cases 16 and 17 due to the lack of clinical 
response, and trimethoprim–sulfamethoxazole was initiated in 
light of the sensitivity results from GBS-positive vaginal cultures 

Table 1. Genotyping information for case nos. 1–10 and 14–17

Case Histologic lesions (nonmarrow) Bone marrow histology hDTR transgene status

1 Myocardial necrosis with intralesional bacteria Depleted Not available
2 Foot abscess (resolved), lymphedema Normal Homozygous
3 None Normal Homozygous
4 None Normal Heterozygous
5 None Normal Heterozygous
6 None Normal Heterozygous
7 (dam) Chronic glomerulonephritis Normal Heterozygous
8 (sire) Chronic glomerulonephritis Normal Heterozygous
9 Myocardial necrosis with intralesional bacteria Depleted Homozygous
10 None Depleted Homozygous
14 Renal microvascular thrombosis; coccoid aggregates in liver, kidney Not examined Not available
15 Renal microvascular thrombosis; coccoid aggregates in spleen, kidney, heart Not examined Not available
16 Left forelimb abscess (resolved) Not examined Homozygous
17 Abscess near left eye (resolved) Not examined Not available
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ally is cultured from healthy animals.11 Therefore, potential infec-
tion sources for these rat pups could either be the dam or human 
caretakers. No breach of personal protective equipment (PPE) was 
identified, and the correct and consistent use of PPE by laboratory 
and husbandry staff was emphasized strongly after the first inci-
dent. Although the potential for a human source of transmission 
cannot be ruled out, the repeated isolation of GBS from the vaginal 
tract of these rats at various time points suggests to us that this 
organism actually may be a commensal or opportunistic organism 
in rats. Of interest, examination of colony health reports from a 
commercial vendor (not the source of our rats) showed that GBS 
was isolated from rat colonies fairly commonly and was isolated 
in 33 of 58 rats tested over an 18-mo period.10 No specific action 
was taken when the organism was detected, likely because it was 
not considered a pathogen in normal rats. As in the current report, 
under certain circumstances or in certain strains, GBS can be as-
sociated with spontaneous disease, particularly in the postnatal 
period. We had limited opportunity to investigate host and bacte-
rial factors contributing to disease, in light of the research needs 
of the investigator and the small colony size. However, additional 
investigations to establish sites of carriage of this organism in rats 
(vaginal tract, intestinal tract, nasopharynx), genetic comparison 
to human strains, and the likelihood of disease in other rat strains 
would be informative.

In humans, early-onset GBS disease is attributed to vertical 
transmission from mother to neonate during the birthing pro-
cess.28 The source of infection for late-onset disease is unclear. 
Of interest, GBS has been found in breast milk and was thought 
to be a potential source of infection in several case reports.2,22,32,49 
This route of infection has biologic precedent, given that GBS 
was first identified as an agent of mastitis in cattle.29 Other hu-
man case reports indicate potential nosocomial transmission35 
and increased susceptibility due to concurrent viral infection.40 
Infants born to immunocompromised mothers and infants of low 
birth weight are particularly susceptible to GBS. In our experi-
ence, although the rats had no known direct immunocompro-
mise, the early-stage renal failure characteristic of the strain may 
contribute to poor immune response, increased rates of shedding, 
and decreased antibody production in dams. The organism was 
cultured from the vaginal tract of several female rats within the 
colony (cases 11 and 12), but milk was not available for culture. 
The rat pups remained healthy throughout the entire nursing 
period when the dam was treated with antibiotics, but further 
study of transmission routes and factors influencing susceptibility 
is warranted. Transmammary transmission is of particular inter-
est, given that this route is under-investigated in humans and one 
that might contribute to our understanding of GBS transmission 
during the late postnatal period.

Unfortunately, the GBS isolates in this diagnostic series were 
not available to us for additional analysis beyond antibiotic sen-
sitivity testing. In human medicine, several virulence factors (for 
example, surface antigens, invasins, antibiotic resistance genes) 
have been identified for GBS; however, the strongest predic-
tive association with invasive disease is serotype, which is de-
fined according to a polysaccharide component of the bacterial 
capsule.26,33 Serotype III is the predominant cause of late-onset 
invasive disease.26,33 Serotyping would be a useful addition to 
future investigations of laboratory rodent isolates from cases dis-
playing clinical signs.

heterozygotes both showed lesions, as did pups with normal 
bone marrow on the MWF background. The genetics of the MWF 
background are not well understood,19,34,41 but the background is 
unlikely to be the cause of the lesions. The MWF background or 
hDTR transgene may have enhanced susceptibility to infection in 
these rats by a mechanism unrelated to the changes seen in the 
bone marrow.

Some studies report severe neutropenia and depletion of bone 
marrow in human neonates and infants with severe bacteremia or 
sepsis due to infection with GBS and other bacterial agents.3,13,14,23,36 
This finding may be due to a decreased storage pool of neutro-
phils as well as to the functional immaturity of neutrophils in 
neonates and infants compared with adults.5,14,25 These differenc-
es have also been demonstrated in the neutrophils of neonatal, 
infant, and adult rats during severe bacteremia43 or sepsis12,16,51 
with GBS. Therefore, the most likely explanation for the lack of 
inflammation at the sites of infection, along with the depleted 
bone marrow, is acute, overwhelming sepsis. Because our rats 
were relatively young (21 to 24 d of age) at presentation, their 
neutrophil function and storage pool most likely were inadequate 
to successfully respond to a severe, disseminated infection. This 
conclusion is further supported by the improvement in survival 
of both human15 and rat6,7,38 neonates and infants during sepsis or 
bacterial infection (due to GBS or other bacteria) when they have 
been treated with antibiotics and granulocytes or granulocyte 
colony-stimulating factor.

Another point of interest in the experience we present is the tim-
ing of infection. There are 2 common clinical presentations of GBS 
recognized in human neonates: early-onset and late-onset. In early-
onset disease, neonates are infected during parturition or the first 
week of life, and typical findings can include respiratory distress 
due to pneumonia, bacteremia, lethargy, hypotension, and menin-
gitis.28 Early-onset neonatal GBS disease has declined by 80% over 
the past 20 y due to the practice of culturing all pregnant women 
prior to parturition and implementing antibiotic therapy in those 
that test positive for GBS.9 In late-onset disease, infants usually are 
infected from 1 wk to 3 mo of age, and typical findings include 
meningitis, bacteremia, fever, lethargy, irritability, poor feeding, 
seizures, osteomyelitis, septic arthritis, and facial cellulitis with 
submandibular or preauricular adenitis.28 The transmission of GBS 
in late-onset cases is not well understood, and, unlike the scenario 
for early-onset cases, the Centers for Disease Control has not noted 
any change in the incidence of human late-onset GBS since the 
implementation of testing and treatment regimens.8,9

The age of our rat pups at the time of presentation (21 to 24 d 
of age, the time of weaning) is more consistent with late-onset 
than early-onset GBS. The treatment protocol used had clinical 
evidence of success, given that no further cases developed during 
treatment. However, whether bacterial clearance was achieved is 
unknown. In addition, the dam was treated throughout the en-
tire postpartum and nursing period, an option that is unfeasible 
in humans, given that the nursing period can last 1 y or longer. 
However, the sporadic nature of the GBS infections in the breed-
ing colony we describe also may mean that all pups exposed are 
not developing infections. This possibility is difficult to assess, 
because culture information was not available for all of the dams 
of affected pups. Performing additional studies on the epidemiol-
ogy of GBS infection in rat colonies would be helpful.

The source of infection in our rats could not be established. In 
rats, GBS has not been documented as a pathogen but occasion-
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