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A B S T R A C T   

The authors report the case of a 45-year-old male with history of human immunodeficiency virus who presented 
unresponsive and with injuries to his hands after spending a night on a lakeside beach. During his hospitaliza-
tion, he developed a fever with arthralgias and was initially thought to have calcium pyrophosphate dihydrate 
crystal deposition disease before a diagnosis of Rat Bite Fever was ultimately discovered. He was successfully 
treated with six-weeks of ceftriaxone. The authors discuss the epidemiology, diagnosis, treatment, and prognosis 
of Rat Bite Fever.   

Introduction 

Rat Bite Fever (RBF) is rare zoonotic infection caused by trans-
mission of Streptobacillus moniliformis or Spirillum minus often from the 
nasopharyngeal flora of rats or other rodents [1]. Diagnosis can be 
challenging as it often presents with non-specific, flu-like symptoms 
including fever, arthralgias, and rash [1–5]. Furthermore, S. moniliformis 
is a fastidious bacterium which makes definitive diagnosis difficult [2, 
6]. An untreated infection can lead to mortality with rates around 
7–13%; however, infants and those who develop endocarditis have 
mortality rates around 50% [1,3,4,7,8]. RBF can be successfully treated 
with penicillin as well as a wide variety of other antimicrobial agents [1, 
3,9]. Herein, we report a case of RBF in a male with human immuno-
deficiency virus, who was successfully treated with six-weeks of 
ceftriaxone. 

Case presentation 

A 45-year-old male with human immunodeficiency virus (HIV) on 
antiretroviral therapy presented to our emergency department in April, 
after he was found unresponsive, hypothermic, and with injuries to his 
hands following a night of binge alcohol use on a local lakeside beach. 
Medical history was significant for opiate use disorder with remote in-
jection drug use, alcohol dependence complicated by withdrawal 

seizures, treated hepatitis C virus, and shingles complicated by post- 
herpetic neuralgia. Socially, he had lived throughout the contiguous 
United States prior to moving to Vermont and was sexually active with 
female partners. 

On initial presentation, temperature was 36.7 ◦C, blood pressure 
138/81 mmHg, heart rate 116 beats per minute, and the respiratory rate 
was 16 breaths/minute. Exam was notable for dried blood on his hands 
and clothes. He had severe, non-radiating, epigastric abdominal pain, an 
ovoid skin tear on the right second extensor proximal interphalangeal 
joint, and a laceration on the tip of the right second digit. All extremities 
were cool to touch. 

Laboratory testing revealed a white blood cell count (WBC) of 15 ×
103 cells/uL (baseline 6 × 103 cells/uL), aspartate transaminase of 63 U/ 
L (baseline 36 U/L), creatine kinase of 1087 U/L, and lactate of 5 mmol/ 
L (baseline 2.0 mmol/L). Computed tomography (CT) imaging of the 
head, abdomen, pelvis, and cervical spine were unremarkable. Naso-
pharyngeal polymerase chain reaction (PCR) assays for COVID-19, 
influenza, and respiratory syncytial virus were negative. He was 
admitted to the hospital for supportive care and management of pre-
sumed rhabdomyolysis. 

On hospital day 4, he developed a new fever to 40 ◦C, accompanied 
by rigors, widespread myalgias, and headache. Labs at this time showed 
WBC 6.6 × 103 cells/uL, hemoglobin 17.5 gm/dL (baseline 14 gm/dL), 
platelets 125,000/μL (baseline 280,000/uL), lactate 1.6 mmol, and C- 
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reactive protein (CRP) of 118 mg/L. High spiking fevers continued un-
abated over the ensuing 5 days. Extensive infectious work-up, including 
blood cultures, Lyme serology, syphilis serology, blood parasite exams, 
repeat COVID-19 testing, hepatitis A serology, Epstein-Barr virus 
serology, parvovirus-19 serology, blastomyces and histoplasma urine 
antigens, Legionella urine antigen, Chlamydia and Gonorrhea Nucleic 
Acid Amplification Test (NAAT) of urine, transthoracic echocardiogram, 
and lumbar puncture were all unremarkable or negative. A therapeutic 
trial of doxycycline was initiated on hospital day 8 given the possibility 
of anaplasmosis but was discontinued on hospital day 9 after anaplas-
mosis PCR returned negative. On hospital day 9, worsening poly-
arthralgia that was most pronounced in the left knee and right wrist 
prompted rheumatology to perform arthrocentesis. Synovial fluid 
analysis of the left knee consisted of WBC 40,740 cells/uL (83% neu-
trophils, 1% lymphocytes, and 16% monocytes), RBC < 10,000 cells/uL, 
and the presence of calcium pyrophosphate (CPP) crystals; while that of 
the right wrist consisted of WBC 61,670 cells/uL (84% neutrophils, 4% 
lymphocytes, 12% monocytes), RBC 17,000 cells/uL, and the presence 
of CPP crystals. Both analyses were consistent with a diagnosis of cal-
cium pyrophosphate dihydrate crystal deposition disease, prompting 
institution of a prednisone taper starting at 40 mg daily. He improved 
clinically with resolution of fever and was discharged by hospital day 
11. 

Two-weeks after discharge, he had recrudescence of fever accom-
panied by new right knee and left wrist pain. He presented to his local 
community hospital where he was started on piperacillin-tazobactam 
and taken for arthroscopic washout of the right knee. Operative cul-
tures ultimately grew rare gram-negative rods, later identified on 
Matrix-assisted laser desorption/ionization-time of flight mass spec-
trometry (MALDI-TOF MS) as Streptobacillus moniliformis (Fig. 1), one of 
the causative agents of RBF. He was transitioned to ceftriaxone 2 g IV 
every day. Following six weeks of this therapy, he had full resolution of 
all symptoms. 

Discussion 

First coming to widespread attention in 1926 during a foodborne 
outbreak in Haverhill, Massachusetts, S. moniliformis is now more 
commonly recognized as the causative agent of Rat Bite Fever (RBF) in 
North America [1,8,10]. To date, three large outbreaks of Haverhill 
fever have been described. As the name suggests, RBF is acquired chiefly 
via direct inoculation of S. moniliformis via bites and is characterized by 
the triad of relapsing fever, migratory arthralgias, and rash. When the 
bacterium is acquired via oral ingestion (Haverhill Fever), there is in 
addition a preponderance of pharyngitis and vomiting [1,8,10]. In Asia, 
the causative agent of RBF is most often Spirillum minus, but other spe-
cies have been described, and the syndrome of RBF has been recognized 
worldwide [1,11]. Untreated cases are associated with mortality rates 

that range from 7% to 13% [10], but among infants and those with 
concomitant endocarditis, rates may exceed 50% [1,3,4,7,8]. 

Owing to its rarity and status as a non-reportable illness in the United 
States, RBF likely remains an occult public health threat, as rats cause an 
estimated 20,000 bites annually [1,4,10]. Because S. moniliformis is a 
resident colonizer of nasopharyngeal flora in rats (as well as other small 
rodents such as mice, guinea pigs, and squirrels), S. moniliformis can be 
transmitted to humans via bites, scratches, or licks [1]. A rise in inci-
dence exceeding two-fold between 1990 and 1998 was postulated to be 
due to an increase in rodent ownership as domesticated pets and 
improved identification techniques [8]. 

Clinically, RBF often follows a biphasic course, with flu-like symp-
toms predominating early followed by migratory asymmetric poly-
arthralgia and rash that may be maculopapular, petechial, or purpuric, 
can involve the palms and soles, and spreads centripetally [1–5,12]. RBF 
may cause both arthralgias associated with RBF and septic arthritis, with 
the latter less commonly observed with concomitant bacteremia [13]. 
The knee is the most common joint affected in 58.3% of adult cases, but 
among pediatric cases, the hips are more commonly implicated [7,13, 
14]. 

Given its rarity, non-specific symptoms, and often overlooked ante-
cedent epidemiologic risk factors, it is perhaps not surprising that cli-
nicians initially consider RBF in less than 50% of patients presenting 
with a compatible syndrome [8]. Left untreated, RBF may be compli-
cated by endocarditis (particularly previously abnormal or prosthetic 
valves), myopericarditis, pneumonia, osteomyelitis, and abscesses that 
have been described in almost all organ systems, including the central 
nervous system [1,2,10,15–17]. 

Although RBF is often suspected clinically, diagnosis may be aided 
by direct visualization of pleomorphic bacillary organisms from a sterile 
space [18]. Definitive diagnosis can be extremely challenging owing to 
the fastidious nature of this organism, and, as in the present case, often 
relies upon culture and molecular identification via MALDI-TOF MS [2, 
6]. Culture yield is increased with use of media that does not contain 
sodium polyanethol sulfonate and as such, the microbiology lab should 
be alerted whenever this entity is on the differential [12]. 

In our patient, concurrent HIV complicated diagnosis and manage-
ment, and there have been a couple other cases reported in the literature 
[19,20]. Chean et al. (2012) described a case of culture-negative 
S. moniliformis septic arthritis in a 30-year-old male with advanced 
HIV/AIDS [19]. The patient presented with one month of non-specific 
symptoms including intermittent fever, myalgias, weight loss. On his 
third hospital day, he developed right knee pain. Arthrocentesis of the 
synovial fluid analysis was negative. A week later, it was revealed that 
the patient had been bitten by one of his pet rats about one month prior. 
DNA from the original synovial fluid sample was then analyzed using 
MicroSeq 500 system and found to be consistent with S. moniliformis. 
The patient clinically improved by completing a 6-week course of IV 
benzylpenicillin, followed by 4 weeks of oral doxycycline. Another case 
of RBF in a HIV-positive patient was described by Rordorf et al. [20]. A 
37-year-old HIV-positive male and with a history of IV drug use pre-
sented with a few months of fever and chills, and a week of pain and 
swelling in his joints. On his second hospital day, he developed a fever of 
38.8 ◦C and shaking chills. He was ultimately diagnosed with 
S. moniliformis endocarditis of the mitral valve. The patient was treated 
with 3-weeks of ceftriaxone, 2-weeks of gentamicin, and 1-week of 
penicillin, which lead to resolution of fever and joint swelling, and a 
significant reduction in the size of his mitral vegetation [20]. 

Diagnosis of RBF in HIV patients can be challenging for several 
reasons. In both cases illustrated above, as well as the case presented 
here, none of the patients had a rash, which is characteristically part of 
the RBF triad of symptoms. One possible theory for the absence of rash in 
this population may be due to a blunted immune response that can occur 
in patients with abnormal T-cell function. For example, there have been 
reports of measles occurring in the absence of a rash in patients with 
history of HIV and giant-cell pneumonia [21,22]. Another reason why 

Fig. 1. Gram stain of Streptobacillus moniliformis. Culture taken from the pa-
tient’s right knee joint synovial fluid. 
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diagnosis was difficult in our patient was use of corticosteroids for 
concomitant CPPD, which likely contributed to his dramatic deferves-
cence. However, it is also possible that this may have been related to the 
biphasic natural history of RBF. 

Additionally, diagnosis can be difficult in HIV patients due to similar 
symptomology to other etiologies that can occur in this population. RBF 
symptoms can mimic those seen in AIDS-associated arthropathy or acute 
HIV syndrome [20]. Septic arthritis and endocarditis, with Staphylo-
coccus aureus and Candida albicans as common causative agents, can 
occur in individuals with a history of IV drug use [19]. Other infectious 
etiologies to keep on the differential in HIV-positive patients include 
syphilis; bacillary angiomatosis; Neisseria gonorrhoeae; pneumococcus; 
parvovirus B19; fungal infections such as cryptococcus, histoplasmosis, 
or blastomycosis; and Kaposi sarcoma. 

Despite the challenges of accurate diagnosis, RBF remains exquisitely 
susceptible to penicillin, but ceftriaxone, tetracyclines, clindamycin, and 
erythromycin have also been used successfully [2,4,5,23]. Dendle et al. 
(2006) found no reported failure of antimicrobial treatment of RBF, 
irrespective of the antimicrobial therapy used [1,3,9]. Furthermore, 
uncomplicated RBF is generally treated for two weeks, but concomitant 
endocarditis requires a longer course, and based on limited clinical 
experience, an aminoglycoside may be added [6]. 

In summary, RBF should be considered in the differential for re-
lapsing fever syndromes. To aid in diagnosis, both a thorough social 
history to screen for animal exposures and a comprehensive skin exam to 
evaluate for scratches or bites are paramount. Furthermore, in patients 
with HIV, the diagnosis can be difficult due to its similar symptomology 
to other syndromes and infectious etiologies that can occur in this 
population. 
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