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Abstract
Rat-bite fever, also known as streptobacillosis, spirillary fever, bogger, and epidemic arthritic
erythema, is a zoonotic illness that manifests with acute relapsing fever with migratory polyart-
thralgia. It is a zoonotic infectious disease from rodents to man either via rodent urine or muco-
sal secretions or even nasal, fecal, or ocular secretions of an infected rodent. It was reported in
Japan, the United States, Europe, Australia, and Africa caused by two different bacteria: Strep-
tobacillus moniliformis, the only bacteria that causes RBF in North America (streptobacillary
RBF) Spirillum minus, common in Asia (spirillary RBF, or sodoku). Without treatment, rat bite
fever can lead to severe complications; pneumonia, meningitis, heart infection (myocarditis,
endocarditis) and blood sepsis, led to death 7-10%. When treated promptly, prognosis is very
good. Tetanus and rabies immunization is a must, although rat bite rarely causes rabies.
Key words: Rat, Fever, Bacteria, Complications, Treatment, Nursing role

Introduction

Rat-bite fever (RBF, or Haverhill fever), is
also called Spirillary Rat-Bite fever or Sodo-
ku, relapsing infection type and transmitted
to humans by the bite of an infected rat aff-
ecting all ages and both sexes. A rarely dia-
gnosed, systemic illness caused by either St-
reptobacillus moniliformis or Spirillum min-
us. S. moniliformis causes most cases of dis-
ease in the USA; S. minus causes RBF in
Asia, but also reported worldwide (Grude et
al, 2001), But, as RBF is a nationally unrep-
orted disease, and responded to empiric anti-
biotic therapy without diagnosis, its actual
incidence was unknown (Torres et al, 2003).
Also, the saliva of some rats’ species carries
hazardous diseases, such as leptospirosis and
orthohantaviruses or hanta-virus (Meyer and
Schmaljohn, 2000).

Epidemiology: S. moniliformis is found in
nasal and oropharyngeal flora of rats and pe-
rhaps other rodents, with nasopharyngeal ca-
rriage of S. moniliformis by healthy laborat-
ory rats varied between 10 &100% (Anders-
on et al, 1983). Bhatt and Mirza (1992) in
Kenya reported a 17 year old male suffered
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from rat bite fever after a bite of domestic
rat, who recovered completely after a course
of penicillin and gentamicin.

Human infection can result from a bite or
scratch from an infected or colonized rat, ha-
ndling of infected rat, or ingestion of food or
water contaminated with infected rat feces
(CDC, 2005). Valverde et al. (2002) in USA
reported that RBF is a zoonotic and non-re-
portable disease. They found natural RBF
infection in 2 monkeys; a rhesus macaque
(Macaca mullata) with valvular endocardit-
is, and a titi monkey (Callicebus sp.) with
septic arthritis. Abdulaziz et al. (2006) in
Canada reported that Haverhill fever & RBF
are closely-related syndromes caused by S.
moniliformis characterized by an abrupt on-
set of fever with rigors, myalgias, headache,
polyarthritis, and rash. They detected an ac-
ute polyarthritis patient with spine involve-
ment. Elliott (2007) in USA reported that
RBF caused by S. moniliformis is a system-
ic illness characterized by fever, rigors, and
polyarthralgias. He added that also S. fusob-
acteriales causes streptobacillary rat bite fe-
ver and Haverhill fever and increasing rats’



popularity and other rodents as pets, togeth-
er with invasive risk or fatal disease, need-
ed more attention to this infectious RBF.
Gaastra et al. (2009) in Holland added that
RBF causative agent was found in squirrels,
ferrets, dogs, and pigs. Madhubashini et al.
(2013) in India reported a native mitral val-
ve endocarditis in a 44-year-old male patie-
nt caused by S. moniliformis diagnosed by
transesophageal echocardiography & blood
culture. Eisenberg ef al. (2016) in Germany
reported that despite published case reports,
RBF diagnosis continues to be a diagnostic
dilemma, as the mostly applied 16S rRNA
sequence analysis may be uncertain for pro-
per pathogen identification. They added that
virtual was unknown as to prevalence in
man, and animals, and for real assessment of
pathogen's spread, epidemiology and virul-
ence traits must focus on Streptobacillus ge-
nomic background. Michel et al. (2018) in
Germany added that RBF is an unreported,
undiagnosed worldwide emerging zoonosis
and that Spirillum minus & S. moniliformis
was the major causative agents usually col-
onies rats without clinical signs. A group of
house or domestic rats (Rattus rattus) kept
in a zoo exhibition for educational purposes
suffered from neurological signs; disorient-
ation, torticollis, stall walking, ataxia and
death. The general paucity of Streptobacillus
isolates, especially from their respective ani-
mal hosts, precludes definitive proof of host
tropisms. They added that it was the first re-
port of S. notomytis outside Asia and Austr-
alia and the first evidence for its role as a fa-
cultative pathogen in the domestic R. rattus.
Ogawa et al. (2018) in Japan by using nest-
ed PCR identified an indoor case of RBF in
a 94-year-old woman with S. notomytis.
Crofton et al. (2020) in USA reported a
pregnant woman sought care for right leg
pain, fevers, left upper quadrant pain, gener-
alized weakness, fatigue, and inability to be-
ar weight on her right leg, which pregnancy
was complicated by hyperemesis and weight
loss. Her pets included a rescued wild bird, a
cat, and four rats, and she recalled multiple
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cat bites and scratches since child-hood, but
denied injection drug use. They added that
RBF diagnosis was delayed due to sympto-
ms of a concomitant pregnancy. Julius et al.
(2021) in South Africa reported that RBF
was a global zoonosis with a mortality rate
of up to 13% without treatment. They added
that presence of multiple invasive Ratfus sp.
with high densities in urban, informal hum-
an settlements and increased rat bites cases,
phylogenetic analysis of 4 gene regions (16S
rRNA, gyrB, groEL, & recA) identified 2 di-
screte lineages S. moniliformis were exclusi-
vely in R. norvegicus and S. notomytis re-
tricted to 2 species of R. rattus complex.

Transmission: Contamination of food and
water with S. moniliformis caused several
outbreaks of RBF and in 1926, 86 persons in
Haverhill, Massachusetts, developed a febri-
le illness (Haverhill fever) after consump-
tion of infected unpasteurized milk (Place
and Sutton, 1934). An outbreak among 304
school children was caused by water conta-
minated with rat excretions (McEvoy et al,
1987). About 30% patients were not bitten
or scratched by a rat; risk for RBF included
handling and nosocomial as laboratories or
pet stores (CDC, 1998). Vetter et al. (2016)
in USA reported RBF infection from a kiss.

Microbiology: S. moniliformis and S. min-
us are pleomorphic fastidious branching Gr-
am negative bacilli. They stain irregularly
and can be mistaken for Gram positive pleo-
morphic rods. Bacteria are aerobic, facultat-
ively anaerobic, and require specific media
for isolation (10 to 20% serum) and incub-
ation in a 5 to 10% CO, environment.

S. moniliformis grows slowly. So, cultures
should be held for at least five days to allow
identification. On solid agar plates, pinpoint
colonies representing cell wall-defective va-
riants (L-forms) may surround larger gray-
white colonies, and inoculation into thiogl-
ycolate broth enriched with serum produces
growth in typical "puff-ball" colonies (Pins
et al, 1996). S. moniliformis was identified
by a fatty acid profile on gas chromatogram-
phy, but in contrast, biochemical testing was



difficult and not accurate due to the organ-
ism fastidious nature (Rowbotham, 1983).
Clinical pictures: The symptoms of RBF
caused by S. moniliformis start abruptly two
to ten days following exposure with fever,
myalgias, arthralgias, vomiting, and headac-
he (CDC, 1984). Fever is often irregularly
relapsing. The initial symptoms are followed
by a maculopapular rash on the extremities
(Stehle et al, 2003), followed by polyarth-
ritis up to 50% of patients (Mandel, 1985).
Rash was typically seen on the extensor
surface of the extremities and may involve
palms and soles, but usually maculopapular,
it could be petechial, purpuric, or pustular
(Tandon et al, 2006). But, RBF caused by S.
minus has a longer incubation period (1 to 3
weeks), and the initial wound may reappear
at the onset of the systemic illness or persist
with edema and ulceration. Arthritis is not a
common clinical finding. The infection can
be rapidly fatal both in children and adults
(McHugh et al, 1985). Two cases of fulmin-
ant sepsis and death in previously healthy
men occurred in the United States, one after
a rat bite in a pet store and second most lik-
ely from a sick pet rat (Sens et al, 1989).
Complications: Reported in Chelmsford
and Haverhill outbreaks included: 1- Chelm-
sford, four patients with moderately severe
symptoms had bacteremia, without more co-
mplications (Shanson et al/, 1983). 2- Hav-
erhill, eleven of 17 patients had positive bl-
ood cultures; two patients developed fatal
pneumonia (Shvartsblat et al, 2004). CDC
(2019) added that complications of strepto-
bacillary RBF can also include: a- Abscesses
(pockets of infected fluid) inside body, like
in belly (abdominal cavity), b- Infections of
liver (hepatitis) and kidneys (nephritis), c-
Infections of lung (pneumonia), d- Infectio-
ns of brain and central nervous system (me-
ningitis), e- Infections involving heart (end-
ocarditis, myocarditis, or pericarditis). CDC
added that symptoms and signs of spirilla-
ry RBF (sodoku) can vary and often inclu-
de: a- Fever that may come and go or occur
repeatedly, b- Swelling or formation of the
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ulcer at bite wound (if present), c- Swollen
lymph nodes (small glands that filter lym-
ph, the clear fluid that circulates via lympha-
tic system, and help fight infections), and d-
Rash (about 5 of 10 people with sodoku)
that can appear all over the body or only ne-
ar bite wound area (if present)

Most serious invasive infections appeared
as case reports, and include meningitis, end-
ocarditis (Rordorf et al, 2000), included pr-
osthetic valve endocarditis, myocarditis, pn-
eumonia, focal abscesses (Chen et al, 2007),
bacteremia, septic arthritis, multiple organs
failure, pneumonitis, liver abscess, and adre-
nal gland failure (Wang and Wong, 2007),
and rheumatoid arthritis (Akter et al, 2016).

Diagnosis: Classically, RBF diagnosis was
based on bacterial cultures. But, this was di-
fficult in routine practice, because S. monili-
formis is a fastidious gram-negative bacillus
that needs special media and environments
for isolation (Lambe et al, 1973).

RBF must be suspected in patients with fe-
ver, nausea, vomiting, joint pain, and rash,
as well as a known or suspected history of
rodent exposure. Clinicians should consider
RBF in differential diagnosis of an unexplai-
ned febrile illness or sepsis in patients rep-
orting rat exposure especially if the fever pa-
ttern was relapsing or intermittent, a macul-
opapular rash was present, and/or the patient
with an asymmetrical polyarthritis (Dendle
et al, 2006). Kémmerer et al. (2021) in Ger-
many reported a female patient presented
with painful hemorrhagic pustules and purp-
uric lesions on hands and feet that developed
fever and migratory polyarthralgia, and ow-
ned rats and handled contaminated rat feces
and urine. They added that difficulties in cli-
nical and microbiological diagnosis highlig-
ht the need for a thorough and complete his-
tory-taking and a greater understanding of
this rare infectious disease.

Blood or synovial fluid collected in tubes
without sodium polyanethol sulfonate, an
anticoagulant that can inhibit growth of the
organism must be cultured. Microbiology la-
boratory must be alerted to the suspicion of



RBF so that specific media and culture con-
ditions were used to optimize organism isol-
ation (Zhang et al, 2019). But, the laborat-
ory must be incubated blood cultures for 21
days, if serologic test was not available.

Molecular techniques, such as PCR assist-
ed RBF diagnosis, but was not available to
most practitioners, which showed a quick,
accurate diagnosis (Boot et al, 2002).

Differential diagnosis (Washburn, 2015):
RBF must be differentiated from 1- Mening-
ococcemia, 2- Disseminated gonorrhea, 3-
Lyme disease, 4- Brucellosis, 5-Herlichiosis,
and 6- Rickettsial infections (Woods, 2013).
Also, must include streptobacillary RBF and
Haverhill fever and several bacterial, parasi-
tic and viral infections diseases as, leptospir-
osis, Rocky Mountain spotted fever, malaria,
babesiosis, typhoid fever; S. pyogenes & S.
pyogenes-associated diseases, S. aureus inf-
ection, viral exanthems, secondary syphilis,
Epstein-Barr virus, and/or coxsackieviruses
(Freels and Elliott, 2004). Moreover, RBF
must be differentiated from arthropod derm-
atitis or insect bites (Morsy, 2012) and ske-
eter syndrome (Abdel-Motagaly et al, 2017),
as well as allergic reactions caused the ants
(Sanad et al, 2002) or by hymenopterous
stinging insects (Abdelrahman et a/, 2015).

Besides, RBF must be differentiated from
non-infectious causes as collagen vascular
diseases and drug reactions (Taber and Feig-
in, 1979), often misdiagnosed by clinicians
tha led to lingering symptoms and worseni-
ng risks in patients; left untreated mortality
rate of 13% (Dendle ef al, 2006).

Treatment: The case-fatality rate was up to
25% in untreated cases mainly infants. Trea-
tment of RBF associated with an animal bite
must begin with appropriate management of
bite wound (Carbeck et al, 1967). This inc-
uded copious irrigation of wounds and dete-
rmination need for tetanus or rabies post-ex-
posure prophylaxis (Ojukwu and Christy,
2002). CDC (2019) reported that there was
limited research on the effectiveness of the
specific antibiotics to treat RBF. But, S.
moniliformis is generally susceptible to sev-
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eral antibiotics: 1- Penicillin, 2- Cephalospo-
rins, 3- Carbapenems, 4- Aztreonam, 5- Cli-
ndamycin, 6- Erythromycin, 7- Nitrofuranto-
in, 8- Bacitracin, 9- Doxycycline, 10- Tetra-
cycline, 11- Teicoplanin, and/or 12- Vanco-
mycin. They added that IV penicillin G giv-
en for seven or more days, followed by oral
penicillin was recommended. But, the patie-
nts may develop Jarisch-Herxheimer react-
ions due to penicillin treatment that usually
improve quickly once antibiotics started.
However, without the appropriate treatment,
the mortality rate was about 10%. A patient
allergic to penicillin, doxycycline or strepto-
mycin was alternative choices. Other groups
at increased risk were patients over 65 years
old, or with weakened immune systems (ca-
ncer, HIV/AIDS, organ implants or those on
certain medications as steroids (CDC, 2018).

Rat-bite fever is a zoonotic disease can be
directly transmitted by domestic and wild ra-
ts, gerbils, and mice to humans Also, house-
pets such as dogs or cats exposed to these
animals can also carry the disease and infect
humans (Adam et al, 2014). Eisenberg et al.
(2017) in Germany added that snakes that
eat rats might serve, at least temporarily, as
reservoirs for human infection. Wouters et
al. (2008) in the Netherlands reported that
rat bite fever caused by the bite of a dog or
cat was very seldom documented and added
that swabs taken from the mouth of 18 dogs
with proven contacts with rats showed S.
moniliformis DNA by PCR. Meanwhile, rats
and other small rodents are almost never in-
fected with rabies, without transmission to a
human from one of these animals. If animal
was not available for testing, post-exposure
prophylaxis for bites must be considered in-
dividually in consultation with health auth-
orities (Raffin and Freemark, 1979). But, the
CDC (2021) in USA reported that raccoons,
skunks, and foxes are the terrestrial animals
most often infected with rabies, and that
bites by such wildlife must be considered a
possible exposure to the rabies virus.

In vitro, S. moniliformis is usually sensiti-
ve to penicillin, ampicillin, cefotaxime, azit-



hromycin, and doxycycline; but resistant to
polymyxin B, gentamicin, tobramycin, cipr-
ofloxacin, and levofloxacin (Taber and Fei-
gin, 1979). Strains varied in sensitive to ery-
thromycin, and the clinical failures occurred
(Hagelskjaer et al, 1998).

Penicillin IV is treatment of choice to pre-
vent severe complications. Empiric therapy
must be immediately begun in patients with
a compatible clinical presentation and expo-
sure history, as laboratory confirmation was
difficult and may take more days (Walker
and Reyes, 2019). Gupta ef al. (2021) repor-
ted that IV Penicillin G at a dose of 200,000
units every 4hrs or Ceftriaxone 1gm IV dai-
ly were a must. Once patient clinically im-
proved, IV medications can be transitioned
to either Penicillin G 500mg 4 times a day
or Ampicillin 500mg 4 times a day or Amo-
xicillin 500mg 3 times a day for 2 weeks. In
penicillin allergic patients, Doxycycline 10
mg twice a day either IV or orally may be
substituted.

Adults: LV. penicillin (200,000 units eve-
ry 4 hours) for five to seven days, followed
if clinically improved by oral penicillin
or ampicillin (500mg 4 times a day) for 7
days. Patients allergic to penicillin the alter-
native treatment will be tetracycline (500mg
orally 4 times a day) or doxycycline (100mg
orally or IV twice daily).

Children: L.V. penicillin (20,000 to 50,000
units/kg/day divided in 6 doses) to a maxi-
mum of 1.2 million units per day. Children
who don’t require hospitalization can be tre-
ated with oral penicillin V (25mg/kg/day in
3 or 4 divided doses). Treatment duration of
was 7 to 10 days. In those with penicillin al-
lergy with a risk consideration, alternative is
doxycycline, but tetracycline can cause den-
tal staining when administered to children,
the risk of dental staining with doxycycline
is minimal if a short course is given.
Children more than 45 kg must receive adult
dose; smaller children must receive 2 to
4mg/kg in 2 divided doses. Streptomycin is
an alternative drug for adults and children
with RBF. But, several limitations make its
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use impractical for the treatment of RBF as:
drug-related toxicity, need for parenteral
administration, and many pharmacies do not
stock streptomycin, made it difficult to have
promptly.

Prevention: Clinical course of RBF can be
rapid and fatal. Thus, prevention of severe
disease depends upon the increasing awaren-
ess of appropriate risk-reduction activities
and possible symptoms of RBF among pers-
ons who have exposure to rats. A three-day
course of oral penicillin (2g/day in adults;
25,000 to 50,000units’kg/ day in children)
was reasonable after a rat bite, but antimic-
robial prophylaxis efficacy is unknown.

Measures to limit RBF incidence include
eradication of rodents, avoiding unpasteur-
ized milk and potentially contaminated food
& water, and hand-washing and using glov-
es and mask by laboratory workers dealing
with rodents or cleaning rat cages. Animal
handlers, laboratory workers, sanitation, and
sewer workers must take precautions against
exposure. Wild rodents, dead or alive, must
not be touched (Cunningham et al/, 1998).

Gupta et al. (2022) reported that it was a
rare disease caused by two kinds of bacteria
found as normal oral flora in rodents and
Most cases occur in Japan, but was seen in
the United States, Europe, Australia, and Af-
rica They added that if a rodent bites a per-
son, the area should thoroughly wash and cl-
eansed quickly to reduce the risk of infecti-
on as untreated cases caused mortality rate
up to 10%, and infection was usually treated
with Penicillin or Tetracycline.

Prognosis: Without treatment, symptoms
disappear within 3-4 days but regular relaps-
es occurred 3-10 days later. An initial lesion
becomes necrotic and desquamates. Relaps-
es can stay on for a year but, normally the
symptoms disappear within 2 months. But, if
left untreated, RBF may be fatal due to com-
plications (Sato ef al, 2016).

The Egyptian rodents: More than one hun-
dred authors Egyptian and non-Egyptian
dealt with Order Rodentia that makes up the
largest mammals order all-over the Arab Co-



untries with >40% of mammalian species.
Osborn and Helmy (1980) gave an illustra-
ted book on this order and other related four
orders. Morsy et al. (1988) in north Si-nai
gave an illustrated map of wild rodents. El
Kady et al. (1989) and Shoukry et al (1993)
in south Sinai studied seasonal variations of
rodents’ fauna with their ecto, endo & blo-
od-parasites in wild and domestic rodents.
Commensal rodents, Rattus norvegicus, R. r.
alexandrinus, R. r. frugivorous, Mus muscu-
lus and others were reported in all Govern-
orates especially in the Nile Delta (Bakr et
al, 1996; El Shazly et al, 2008), and Suez Ca-
nal Zone (Morsy et al, 1980; 1982; Younis et
al, 1995). But, none of them reported RBF.
Fawzy et al. (2020 in Egypt from a tropical
rusty-spotted cat isolated zoonotic Streptoba-
cillus felis a bacteria causing RBF. Khatib et
al. (2020) in Qatar reported the first RBF in
a 37 years old male with multi-organ invol-
vement required ventilator support, and trea-
ted with intravenous penicillin G.

Recommendations

Rat-bite fever is a rarely diagnosed, sys-
temic illness caused with either Streptobac-
illus moniliformis or Spirillum minus. S. mo-
niliformis causes most cases in USA; S.
minus caused RBF in Asia, and worldwide.

Human infection result by a bite or scratch
from an infected or colonized rat, handling
of an infected rat, or ingestion of food or
water contaminated with infected rat feces,
particularly in infants, children, and adults
in contact with domestic rodents indoors.

Symptoms of RBF start abruptly with fev-
er, myalgias, arthralgias, vomiting, & head-
ache followed by a maculopapular rash on
extremities. Polyarthritis occurs in about ha-
If of patients. Complications include menin-
gitis, endocarditis, pneumonia, and multior-
gan failure.

Diagnosis is by culture of blood or synovi-
al fluid samples; blood cultures must be held
for 21 days, if unavailable serologic tests.

Penicillin IV is treatment of choice. Emp-
iric therapy must be immediately begun in
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patients with compatible clinical pictures,

and exposure history; as the laboratory conf-

irmation was difficult and took several days.
A 3-day course of oral penicillin (2g/day

in adults; 25,000 to 50,000units/kg/day in

children) was effective after a bite, but anti-

microbial prophylaxis efficacy is unknown.

References

Abdel-Motagaly, AME, Mohamad, HM, Mor-
sy, TA, 2017: A mini-review on skeeter syndro-
me or large local allergy to mosquito bites. J.
Egypt. Soc. Parasitol. (JESP) 47, 2:415-24.
Abdel-Rahman, RZ, Mohamad, HM, Mo-
rsy, ATA, Morsy, TA, 2015: Allergic re-
actions caused by venom of hymenopterous
stinging insects and the role of health care
workers. JESP 45, 2:403-12

Abdulaziz, H, Touchie, C, Toye, B, Karsh, J,
2006: Haverhill fever with spine involvement. J.
Rheumatol. 33, 7:1409-10.

Adam, JK, Varan, AK, Pong, AL, McDonald,
EC, 2014: Notes from the field: fatal rat-bite fe-
ver in a child-San Diego County, California, M
MWR Morb Mortal Wkly Rep. 63:1210-1.
Akter, R, Boland, P, Daley, P, Rahman, P, Al
Ghanim, N, 2016: Rat bite fever resembling rh-
eumatoid arthritis. Can. J. Infect. Dis. Med. Mi-
crobiol. https://doi.org/10. 1155/2016/7270413
Anderson, LC, Leary, SL, Manning, PJ,
1983: Rat-bite fever in animal research laborat-
ory personnel. Lab. Anim. Sci. 33:292-8.

Bakr, ME, Morsy, TA, Nassef, NE, El Meligi,
MA, 1996: Flea ecto-parasites of commensal
rodents in Shebin El Kom, Menoufia Governo-
rate, Egypt. J. Egypt. Soc. Parasitol. 26, 1:39-40.
Bhatt, KM, Mirza, NB, 1992: Rat bite fever: A
case report of a Kenyan. East. Afr. Med. J. 69,
9:542-3.

Boot, R, Oosterhuis, A, Thuis, HC, 2002: PCR
for the detection of Streptobacillus moniliformis.
Lab. Anim. 36:200-8.

Carbeck, RB, Murphy, JF, Britt, EM, 1967:
Streptobacillary rat-bite fever with massive peri-
cardial effusion. JAMA 201:703-6.

CDC, 1984: Rat-bite fever in a college student,
California. MMWR, Morb. Mortal. Wkly. Rep.
33:318-24.

CDC, 1998: Rat-bite fever--New Mexico, 1996,
MMWR, Morb. Mortal. Wkly. Rep. 47:89-92.
CDC, 2005: The fatal rat-bite fever: Florida and



Washington, 2003. MMWR, Morb. Mortal. Wk-
ly. Rep. 53:1198.

CDC, 2018: Signs and Symptoms: Rat-bite fev-
er (RBF); Retrieved 2018-11-13.

CDC, 2019: Rat-Bite Fever (RBF): Information
for Health Professionals and Laboratory Person-
nel. www.cdc.gov.

CDC, 2021: Rabies: Other Wild Animals; Terr-
estrial Carnivores: Raccoons, Skunks and Foxes

Chen, PL, Lee, NY, Yan, JJ, et al, 2007: Prost-
hetic valve endocarditis caused by Streptobacill-
us moniliformis: A case of rat bite fever. J. Clin.
Microbiol. 45:3125-9.

Crofton, KR, Ye, J, Lesho, EP, 2020: Severe
recurrent Streptobacillus moniliformis endocarp-
ditis in a pregnant woman, and review of the lit-
erature. Antimicrob. Resist. Infect. Control 9, 1:
119 doi: 10.1186/s13756-020-00789-4.

Gupta, M, Bhansali, RK, Nagalli, S, Tony, I,
Oliver, TI, 2022: Rat-bite Fever. Free Books &
Documents In: StatPearls [Internet]. Treasure Is-
land (FL): Publishing; 2022 Jan.

Cunningham, BB, Paller, AS, Katz, BZ, 1998:
Rat bite fever in a pet lover. J. Am. Acad. Derm-
atol. 38, 2:330-2.

Dendle, C, Woolley, 1J, Korman, TM, 2006:
Rat-bite fever septic arthritis: An illustrative ca-
se and literature review. Eur. J. Clin. Microbiol.
Infect. Dis. 25:791-800.

Eisenberg, T, Poignant, S, Jouan, Y, Fawzy,
A, Nicklas, W, et al, 2017: Acute tetraplegia ca-
used by rat bite fever in snake keeper and tran-
smission of Streptobacillus moniliformis. Emerg.
Infect. Dis. 23, 4:719-21.

Eisenberg, T, Ewers, C, Rau, J, Akimkin, V,
Nicklas, W, 2016: Approved and novel strategi-
es in diagnostics of rat bite fever and other Strep-
tobacillus infections in humans and animals. Vir-
ulence 7, 6:630-48.

El Kady, GA, Makled, KM, Morsy TA, Mor-
sy, ZS, 1989: Rodents, their seasonal activity,
ecto- and blood-parasites in Saint Catherine Ar-
ea, South Sinai Governorate, Egypt. J. Egypt.
Soc. Parasittol. 28, 3:815-26.

El Shazly, AM, Awad, SI, Azab, MS, Elsheik-
ha, HM, Abdel Gawad, EA, et al, 2008: Helmi-
nthes of synanthropic rodents (Rodentia: Murid-
ae) from Dakahlia and Menoufia, Egypt. J. Egy-
pt. Soc. Parasitol. 38, 3:727-40.

Elliott, SP, 2007: Rat bite fever and Streptobac-
illus moniliformis. Clin. Microbiol. Rev. 20, 1:
13-22.

Fawzy, A, Rau, J, Rifle, K, Schauerte, N, Gei-

213

ger, C, et al, 2020: Streptobacillus felis, a mem-
ber of the oropharynx microbiota of the Felidae,
isolated from a tropical rusty-spotted cat. Anton-
ie Van Leeuwenhoek 113, 10:1455-65.

Freels, LK, Elliott, SP, 2004: Rat bite fever:
Three case reports and a literature review. Clin.
Pediatr. (Phila). 43, 3:291-5.

Gaastra, W, Boot, R, Ho, HTA, Lipman, LJ
A, 2009: Rat bite fever. Vet. Microbiol. 133, 3:
211-28.

Grude, N, Tveten, Y, Torp, PG, Laastad, O,
Grude, N, er al, 2001: Rat-bite fever. Tidsskr
Nor Laegeforen 121, 26:3057-8.

Gupta, M, Bhansali, RK, Nagalli, S, Oliver, T
I, 2021: Rat-Bite Fever: StatPearls Publishing:
LLC http://creative-commons.org/licenses/by/4.
Hagelskjaer, L, Serensen, I, Rander, E, 1998:
Streptobacillus moniliformis infection: Two cas-
es and a literature review. Scand. J. Infect. Dis.
30:309-12.

Julius, RS, Brettschneider, H, Chimimba, C
T, Bastos, ADS, 2021: Prevalence and diversity
of the Streptobacillus rat-bite fever agent, in thr-
ee invasive, commensal Rattus species from So-
uth Africa. Yale J. Biol. Med. 94, 2:217-26.
Kimmerer, T, Lesmeister, T, Wollenberg, A,
French, LE, Strobel, E, et al, 2021: Rat bite fe-
ver, a diagnostic challenge: Case report and rev-
iew of 29 cases. J. Dtsch. Dermatol. Ges. 19, 9:
1283-7.

Khatib, M, Elshafei, MS, Mutkule, DP, Shab-
ana, AM, et al, 2020: Rat bite fever: The first
case report from Qatar. Am. J. Case Reports 21:
DOI: 10.12659/AJCR.925647

Lambe, DW, McPhedran, AM, Mertz, JA, St-
ewart, P, 1973: Streptobacillus moniliformis is-
olated from a case of Haverhill fever: Biochemi-
cal characterization and inhibitory effect of sodi-
um polyanethol sulfonate. Am. J. Clin. Pathol.
60:854-60.

Mandel, DR, 1985: Streptobacillary fever: An
unusual cause of infectious arthritis. Cleve. Clin.
Q. 52:203-7.

McEvoy, MB, Noah, ND, Pilsworth, R, 1987:
Outbreak of fever caused by Streptobacillus mo-
niliformis. Lancet 2:1361-3.

McHugh, TP, Bartlett, RL, Raymond, JI,
1985: Rat bite fever: report of a fatal case. Ann.
Emerg. Med. 14:1116-20.

Meyer, BJ, Schmaljohn, CS, 2000: Persistent
Hantavirus infections: Characteristics and mech-
anisms. Tren. Microbiol. 8, 2:61-7.

Michel, V, Ulber, C, Pohle, D, Kopke, B, et al,



2018: Clinical infection in house rats (Rattus
rattus) caused by Streptobacillus notomytis. An-
tonie Van Leeuwenhoek 111, 10:1955-66.
Morsy, TA, 2012: Insect bites and what is eat-i-
ng you? J. Egypt. Soc. Parasitol. 42, 2:291-308.
Morsy, TA, Shoukry, A, Kady, GA, 1988: A
review and distribution map of rodents in Sin-
ai, Egypt. J. Egypt. Soc. Parasitol. 18, 2:683-92.
Morsy, TA, Michael, SA, Aboul Seoud, SF,
1980: Trichinosis antibodies in rodents collected
at Suez Canal Zone, A.R.E. J. Egypt. Soc. Paras-
itol. 10, 2:259-63.

Morsy, TA, Michael, SA, Bassili, WR, Saleh,
MSM, 1982: Studies on rodents and their zoon-
otic parasites, particularly Leishmania, in Ismai-
lia Governorate, A.R.E. J. Egypt. Soc. Parasit-
ol. 12, 2:565-85.

Ojukwu, IC, Christy, C, 2002: Rat-bite fever
in children: Case report and review. Scand. J. In-
fect. Dis. 34:474-9.

Osborn, DJ, Helmy I, 1980: FIEDINANA Zo-
ology: The Contemporary Land Mammals of
Egypt (Including Sinai); Field Museum of Natu-
ral history; New series, No. 5; NAMRU-3, Cairo
Pins, MR, Holden, JM, Yang, JM, et al, 1996:
Isolation of presumptive Streptobacillus monilif-
ormis from abscesses associated with the female
genital tract. Clin. Infect. Dis. 22:471-4.

Place, EH, Sutton, LE Jr, 1934: Erythema ath-
riticum epidemicum (Haverhill fever). Arch. Int-
ern. Med. 54:659-64.

Raffin, BJ, Freemark, M, 1979: Streptobacilla-
ry rat-bite fever: A pediatric problem. Pediatrics
64:214-8.

Rordorf, T, Ziiger, C, Zbinden, R, et al, 2000:
Streptobacillus moniliformis endocarditis in an
HIV-positive patient. Infection 28:393-6.
Rowbotham, TJ, 1983: Rapid identification of
Streptobacillus moniliformis. Lancet 2:567.
Sanad, EM, Helmy, AZ, Morsy, TA, 2012:
Ant allergy Benha district, Qualyobia Governo-
rate, Egypt. J. Egypt. Soc. Parasitol. 32, 3:901-6.
Sato, R, Kuriyama, A, Nasu, M, 2016: Rat-bi-
te fever complicated by vertebral osteomyelitis:
A case report. J. Infect. Chemother. 22, 8:574-6.
Sens, MA, Brown, EW, Wilson, LR, Crocker,
TP, 1989: Fatal Streptobacillus moniliformis in-
fection in a two-month-old infant. Am. J. Clin.
Pathol. 91:612-6.

Shanson, DC, Gazzard, BG, Midgley, J, Dix-
ey, J, Gibson, GL, et al, 1983: Streptobacillus
moniliformis isolated from blood in four cases of

214

of Haverhill fever. Lancet 2:92-4.

Shoukry, A, El Kady, GA, Morsy, TA, Sal-
ama, MMI, 1993: Rodents and their arthropod
ectoparasites in South Sinai Governorate, Egypt.
J. Egypt. Soc. Parasitol. 23, 3:775-83.
Shvartsblat, S, Kochie, M, Harber, P, Howa-
rd, J, 2004: Fatal rat bite fever in a pet shop
employee. Am. J. Int. Med.45:357-60.

Stehle, P, Dubuis, O, So, A, Dudler, J, 2003:
Rat-bite fever without fever. Ann. Rheum. Dis.
62:894-8.

Taber, LH, Feigin, RD, 1979: Spirochetal infe-
ctions. Pediatr. Clin. North Am. 26:377-82.
Tandon, R, Lee, M, Curran, E, ez al, 2006: A
26-year-old woman with a rash on her extremi-
ties. Clin. Infect. Dis. 43:1585-90.

Torres, L, Lopez, Al, Escobar, S, ef al, 2003:
Bacteremia by Streptobacillus moniliformis: Fi-
rst case described in Spain. Eur. J. Clin. Mic-
robiol. Infect. 22:258-62.

Valverde, CR, Lowenstine, LJ, Young, CE,
Tarara, RP, Roberts, JA, 2002: Spontaneous
rat bite fever in non-human primates: A review
of two cases. J. Med. Primatol. 31, 6:345-9.
Vetter, NM, Feder, HM, Jr, Ratzan, RM,
2016: Rat bite fever caused by a kiss. Am. J.
Emerg. Med. 34, 6:1190.e3-4.

Walker JW, Reyes LB, 2019: Rat Bite fever: A
case report and review of the literature. Pediatr.
Emerg. Care 35, 2:e28-9.

Wang, TK, Wong, SS, 2007: Streptobacillus
moniliformis septic arthritis: A clinical entity di-
stinct from rat-bite fever? BMC Infect. Dis. 7:56
-62.

Washburn, RG, 2015: Rat-Bite Fever. In: Man-
dell, Douglas, and Bennett’s Principles and Pra-
ctice of Infectious Diseases: Bennett, Dolin, BI-
aser, editors. 8" ed. Philadelphia, Pennsylvania:
Elsevier, Inc.

Woods, CR, 2013: Rocky Mountain spotted fe-
ver in children. Pediatr. Clin. N. Am. 60:455-70.
Wouters, EG, Ho, HT, Lipman, LJ, Gaastra,
W, et al, 2008: Dogs as vectors of S. monilifor-
mis infection? Vet. Microbiol. 128, 3/4:419-22.
Younis, TA, Fayad, ME, El Hariry, MA, Mor-
sy, TA, 1995: Interaction between Acari ectopa-
rasites and rodents in Suez Governorate, Egypt.
J. Egypt. Soc. Parasitol. 25, 2:377-95.

Zhang, WW, Hu, YB, He, GX, et al, 2019: Rat
bite fever caused by Streptobacillus monilifor
mis infection in a Chinese patient. BMC Infect.
Dis. 19:637. doi: 10.1186/ s12879-019-4281-z



