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Abstract
Background: Capnocytophaga canimorsus, a Gram-negative rod, belongs to the Flavobacteriaceae family and colo‑
nizes the oropharynx of dogs and cats. Infections with C. canimorsus are rare and can induce a systemic infection with
a severe course of the disease. So far, only five case reports of C. canimorsus infections associated with Waterhouse–
Friderichsen Syndrome (WFS) have been reported with only two of the patients having a history of splenectomy.
Case presentation: Here, we report a fatal case of WFS due to C. canimorsus bacteremia and mycetal superinfec‑
tion in a 61-year-old female asplenic patient. Despite extensive therapy including mechanical ventilation, antibiotic
coverage with meropenem, systemic corticosteroids medication, vasopressor therapy, continuous renal replacement
therapy, therapeutic plasma exchange, multiple transfusions of blood products and implantation of a veno-arterial
extracorporeal membrane oxygenation the patient died 10 days after a dog bite. The autopsy showed bilateral hem‑
orrhagic necrosis of the adrenal cortex and septic embolism to heart, kidneys, and liver. Diagnosis of C. canimorsus
was prolonged due to the fastidious growth of the bacteria.
Conclusions: The occurrence of a severe sepsis after dog bite should always urge the attending physician to con‑
sider C. canimorsus as the disease-causing pathogen. A therapeutic regimen covering C. canimorsus such as amin‑
openicillins or carbapenems should be chosen. However, despite maximum therapy, the prognosis of C. canimorsusinduced septic shock remains very poor. Asplenic or otherwise immunocompromised patients are at higher risk for a
severe course of disease and should avoid exposure to dogs and cats and consider antibiotic prophylaxis after animal
bite.
Keywords: Capnocytophaga canimorsus, Dog bite, Waterhouse–Friderichsen Syndrome, sepsis, Case report
Background
Capnocytophaga canimorsus are Gram-negative rods that
belong to the family Flavobacteriaceae and are members
of the microflora in the oral mucosa of dogs and cats [1].
The oral carriage of. C. canimorsus in healthy dogs ranges
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from 3 to 74% [2]. The microscopic appearance in combination with the history of a dog bite give a strong hint for
C. canimorsus infection.
Infections with C. canimorsus are rare and can induce a
systemic infection with a fulminant course of the disease.
The total number of documented cases of C. canimorsus
infections from 1990 to 2014 is 292 with a Case-fatality
rate about 24% [2]. Splenectomy and alcohol abuse are
common predisposing factors, but up to 40% of patients
have no obvious risk factor, implying that C. canimorsus
cannot solely be considered an opportunistic pathogen
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[2–5]. A history of dog scratching or biting, but also licking of pre-existing wounds is common [2]. However, the
infection has also been reported among patients with no
evidence of a skin injury [6]. Only five case reports of C.
canimorsus infection associated with Waterhouse–Friderichsen Syndrome (WFS) have been reported yet [7–
11]. Mortality was extremely high (100%) with only two
of the patients having a history of splenectomy.
C. canimorsus are surrounded by capsular polysaccharides, which affect the host–pathogen interaction leading to resistance to the innate immune systems [12–14].
The lack of adequate B-1a cells and the absence of splenic
marginal zone B cells seem to play a major role in the
poor response to and clearance of encapsulated organisms in asplenic persons [15, 16]. C. canimorsus strains
belonging to the capsular serovars A, B and C are responsible for most of the human infections and are present
in different geographic areas, despite constituting only a
minority of isolates cultured from dogs. There is controversy about the role of strains belonging to capsular serovars D–K, which are considered less virulent especially
when infecting asplenic or otherwise immunocompromised persons [12, 14].

Case presentation
We report a fatal case of WFS due to bacteremia with C.
canimorsus in a 61-year-old asplenic female.
The patient was bitten on the third finger of the right
hand by her own dog, and developed cephalgia, nausea
and diarrhea on the same day. She was admitted to the
nearest hospital (Fig. 1) and covered with piperacillin/
tazobactam (4 g/0.5 g tid) and gentamicin (320 mg qd).
The history of the patient revealed a systemic Lupus
erythematodes (without immunosuppressive therapy), arterial hypertension, mitral valve regurgitation,

Fig. 1 Timeline of the episode of care
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angiodysplasia of the colon with recurrent hemorrhages,
polyarthrosis and fibromyalgia. The patient had been
splenectomised in the 1980s for an unknown reason.
Within 24 h, a massive platelet drop and an INR elevation in the sense of disseminated intravascular coagulopathy (DIC) occurred. Similarly, purpura developed,
especially in the face and upper trunk. Because of the
purpura, WFS was suspected and antibiotic therapy was
changed to ceftriaxone and ampicillin after obtaining
microbiological samples.
Blood cultures (BD, Heidelberg) turned positive 16.5 h
after incubation in an automated blood culture system
(Bactec, BD, Heidelberg) and revealed Gram-negative
rods by Gram staining. Cultures remained negative
despite three repeated attempts every second day on
Columbia blood agar and Chocolate agar (incubation at
37 °C with 5% CO2; both agars from Oxoid, Wesel, Germany), Schaedler agar (anaerobic incubation at 37 °C;
Oxoid, Wesel, Germany) and MacConkey agar (aerobic
incubation at 37 °C; Oxoid, Wesel, Germany). Additionally, at admission to the hospital, the patient was tested
positive for SARS-CoV-2 on a rapid antigen diagnostic
test (Ag-RDT), which was not verified by SARS-CoV-2
nucleic acid amplification.
Subsequently, a progressive decrease in vigilance
occurred, whereupon the patient was transferred to the
intensive care unit of the University Hospital Münster, a
tertiary care hospital.
On arrival, she was in septic shock with ubiquitous purpura fulminans. She had a massive cytokine release syndrome (IL-6: 140,000 ng/mL), procalcitonin of 138 ng/
mL, type A lactic acidosis, and severe DIC. The patient
received extensive therapy, including mechanical ventilation, antibiotic coverage with meropenem (2 g qid as prolonged infusion), clindamycin (900 mg tid) and ampicillin
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(3 g qid), systemic corticosteroids (methylprednisolone
500 mg tid, 250 mg bid, 250 mg qd, 125 mg qd), vasopressor therapy, continuous renal replacement therapy (with
additional Seraph® 100 Microbind® Affinity Blood Filter,
ExThera Medical). Patients with acquired protein C deficiency may develop purpura fulminans. Therefore, during
plasmapheresis in total around 40 units of Fresh Frozen
Plasma had been administered as a source of protein C.
Septic cardiomyopathy was managed by implantation of
a veno-arterial extracorporeal membrane oxygenation
(vaECMO).
While the patient initially stabilized clinically, her condition worsened quickly 5 days after admission. In the
course of the disease, the patient developed dry perioral
and acral necroses on the right and left hand and a paralytic ileus (Fig. 2). She finally died 10 days after the dog
bite due to refractory septic shock with WFS.
Blood cultures collected on the day the patient died
were positive for Candida albicans, which was interpreted as a mycetal superinfection most likely due to
transmigration of Candida due to the paralytic ileus.
The autopsy showed bilateral hemorrhagic necrosis
of the adrenal cortex (Fig. 3), septic embolism to heart,
kidneys, and liver with mycetal superinfection. Consequently, the patient was diagnosed with WFS. A minor,
superficial skin defect in the area of the right middle finger after the dog bite classified as grade I using the Rueff
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classification of animal bites was considered as the port
of entry for the pathogen [17].
Post-mortem, blood culture bottles obtained at the
referring hospital were sent to our microbiology laboratory for detailed analysis. We confirmed long, thin,
Gram-negative rods after Gram staining (Fig. 4). Within
48 h, small, greyish, sharply defined colonies were visible
on BBL Columbia blood agar with 5% sheep blood (BD,
Heidelberg, Germany) after incubation at 37 °C under
5% CO2. Identification based on MALDI-TOF (Bruker,
Bremen, Germany) revealed C. canimorsus. Antibiotic
susceptibility testing was performed using Epsilometric
tests (Etest®, biomérieux, France) in accordance to the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST; version 10.0) and minimal inhibitory
concentrations (MIC) were interpreted using non-species related clinical breakpoints. As there was no growth
on standard agar plates for antibiotic susceptibility testing (Mueller Hinton agar or Mueller Hinton agar with
horse blood), BBL Columbia blood agar with 5% sheep
blood was used. The isolate was susceptible to penicillin (MIC: 0.047 mg/L), ceftriaxone (MIC: 0.19 mg/L) and
meropenem (MIC: 0.004 mg/L).
In order to confirm that the unsuccessful culture in the
referring laboratory was due to different manufacturers of Columbia blood agar, we compared the growth of
C. capnocytophaga on Columbia blood agar using our

Fig. 2 Clinical presentation of Waterhouse–Friderichsen syndrome by Capnocytophaga canimorsus. a The patient presented with facial purpura as
well as b perioral and acral necrosis
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Fig. 3 Hemorrhage of the adrenal gland with areas of necrosis using hematoxylin–eosin stain. Microscopy images were taken with a Leica DM5500
B microscope (Leica, Wetzlar, HE, Germany; 20 × magnification), images were captured on a CCD camera and adjusted with DISKUS program

Fig. 4 Culture of Capnocytophaga canimorsus. a Gram-staining of C. canimorsus from blood culture showing subtle Gram-negative rods. The
image was taken with a Leica CM750 microscope (1000 × magnification) and captured with a camera attached to the microscope (Leica DMshare
software). b Growth of C. canimorsus on Columbia blood agar revealing small, greyish, sharply defined colonies after 48 h

standard media and the standard media from the referring laboratory. Varying results (weaker respectively
absent growth on agar plates from Oxoid) were confirmed (Fig. 5). We were unable to identify the reason
for the discrepant growth on agar plates from different
manufacturers. The classical formula of both agar plates
showed the same composition of ingredients.

Discussion and conclusions
Early in the 20th century, Waterhouse and Friderichsen described the first cases of bacterial sepsis in children associated with bilateral adrenal
hemorrhage, a diseases entity, which was then named

as “Waterhouse–Friederichsen Syndrome” [18, 19].
However, as more WFS cases caused by various bacterial and also viral infections were reported, such cases
not only included bacterial or viral infections associated
with bilateral adrenal hemorrhage, but also with adrenal insufficiency, which mostly but not necessarily were
associated with bilateral adrenal hemorrahge, leading to a
description of WFS in a broader clinical meaning.
The initial presenting complaints for patients with the
WFS usually include a diversity of nonspecific, vague
symptoms such as headache, fever, weakness, fatigue,
abdominal or flank pain, nausea or vomiting, confusion,
or disorientation. These symptoms are usually abrupt in
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Fig. 5 Growth of Capnocytophaga canimorsus on Columbia blood agar of two different manufacturers. Positive blood cultures were inoculated on
Columbia Agar with 5% sheep blood from (a) BD and (b) Oxoid. The inoculum of pure cultures was standardized (McFarland 0.5) and sub-cultured
on Columbia blood agar from (c) BD and (d) Oxoid. The comparison of the media from two manufacturers revealed a (b) weaker or (d) absent
growth on agar plates from Oxoid

their onset. More than 75% of patients develop a generalized rash, that usually begins as a pink, maculopapular
eruption on the extremities [20]. Petechiae are present in
approximately 50–60% of patients and often appear initially on the ankles and wrists and in the axillae and may
spread to any part of the body (including the conjunctiva)
[21]. Purpura fulminans is characterized by the acute
onset of cutaneous hermorrhage and necrosis due to vascular thrombosis and DIC [22].
To our knowledge the case fatality rate of WFS has not
been assessed systematically yet. In meningococcal infections, 44% ot the patients who present with purpura have
a lethal outcome [23]but no correlation to bilateral adrenal haemorrhage has been studied. The diagnosis of C.
canimorsus is often delayed because sub-cultures from
primary blood culture media to solid plating media may
be unsuccessful, even when many organisms were seen in
large numbers after Gram staining [24]. Noteworthy, in
our case the cultivation of bacteria from the initial positive blood culture did not succeed in the referring laboratory. The only obvious difference in diagnostics was
the different manufacturer of the solid media (Oxoid vs.
BD). Additionally, the cultivation of C. canimorsus in
our laboratory from the initial positive blood culture was
still possible even 13 days after the blood culture became

positive indicating that the bacteria were still viable after
almost two weeks.
In a study by Dusch et al. from 1994, the authors
observed that three different strains of C. canimorsus did
not grow on BBL Columbia agar (BD), which worked well
in our case [24]. However, the formulation of the agar
might have changed since then. In contrast, the bacteria
did not grow on the agar from the other manufacturer.
Thus, media formulation might play a critical role for this
fastidious organism. Therefore, we recommend, if subcultures from positive blood cultures on solid media (e.g.
Columbia blood agar, chocolate agar) reveal no growth,
agar plates from different manufactures should be used.
Just as with our patient, a false-positive Ag-RDT in a
patient with lethal C. canimorsus bacteremia has been
recently published by Meyer et al. [25]. During the acute
phase of hyper-inflammation and cytokine storm, false
positive Ag-RDT might therefore cause fixation errors
during the SARS-CoV-2 pandemic [25].
Within 24 h after admission to the first hospital, the
calculated therapy was changed from tazobactampiperacillin and gentamicin to ampicillin and ceftriaxone. Infections caused by dog bites are likely to
be caused by both aerobic and anaerobic bacteria.
Although we consider C. canimorsus likely to be the
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sole causative agent of severe sepsis, an undetected
anaerobic bacterium would not have been covered by
ampicillin and ceftriaxone.
While there are reports of ß-lactamase producing Capnocytophaga strains as reviewed by JolivetGougeon et al., the initial treatment of this disease
could have failed by using ceftriaxone and ampicillin
[26]. However, susceptibility testing revealed an overall
susceptible isolate.
In conclusion, the occurrence of a sepsis after dog
bite should always urge the attending physician to consider C. canimorsus as the disease causing pathogen.
A therapeutic regimen covering C. canimorsus such
as aminopenicillins or carbapenems should be chosen.
However, despite maximum therapy, the prognosis of
C. canimorsus-induced septic shock still remains very
poor. Immunocompromised patients are at higher risk
for a severe course of disease and should avoid exposure to dogs and cats.
Antibiotic prophylaxis is discussed critically for
patients who present for evaluation of bite injury in
the absence of signs or symptoms of infection. The
risk for severe infections in asplenic patients has not
been assessed systemically yet. In general, antibiotic
prophylaxis for patients with clinically uninfected
wounds is suggested for wounds on the hand(s), face
or genital area, wounds in close proximity to a bone
or joint, wounds in immunocompromised or asplenic
hosts and lacerations undergoing primary closure or
wounds requiring surgical repair [27–29]. According
to this data our patient showed at least two risk factors
for severe infection (asplenia and bite into her hand).
Therefore patients at risk should be educated about an
early administration of antibiotics. An antimicrobial
therapy against both aerobic and anaerobic bacteria
such as amoxicillin-clavulanic acid should be chosen
[29].
Abbreviations
Ag-RDT: Rapid antigen diagnostictest; Capnocytophagacanimorsus: C. canimorsus; EUCAST: European Committee on AntimicrobialSusceptibility Testing; MIC:
Minimal inhibitoryconcentration; WFS: Waterhouse–Friderichsensyndrome;
DIC: Disseminated intravascularcoagulopathy; qd: Once a day; bid: Twice a
day; tid: Three times a day; qid: Four times a day.
Acknowledgements
Not applicable.
Author contributions
FraS, JSP, CH, PK, JL, MS, AU, FriS and BCK have made substantial contributions
to the conception and design of the work and to the acquisition, analysis, and
interpretation of data; FraS wrote the first draft of the manuscript and FraS, JSP,
CH, PK, JL, MS, AU, FriS and BCK commented on previous versions of the man‑
uscript. FraS, JSP, CH, PK, JL, MS, AU, FriS and BCK have read and approved the
manuscript (and any substantially modified version that involves the author’s
contribution to the study). FraS, JSP, CH, PK, JL, MS, AU, FriS and BCK have
agreed both to be personally accountable for the author’s own contributions

Page 6 of 7

and to ensure that questions related to the accuracy or integrity of any part
of the work, even ones in which the author was not personally involved, are
appropriately investigated, resolved, and the resolution documented in the
literature. All authors read and approved the final manuscript.
Funding
Open Access funding enabled and organized by Projekt DEAL. The authors did
not receive support from any organization for the submitted work.
Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The institutional review board (Ethikkommission der Westfälischen Wilhelmsu‑
niversität Münster, 2022-040-f-N) granted an exemption from requiring ethics
approval for this case report. According to the local ethics committee guide‑
lines and the CARE guidelines, a written consent for publication was obtained
from the patient’s daughter.
Consent for publication
Written informed consent for publication of the case report was obtained
from the patient´s daugther.
Competing interests
The authors have no relevant financial or non-financial interests to disclose.
Author details
1
Institute of Medical Microbiology, University Hospital Münster, Münster,
Germany. 2 Department of Cardiology, University Hospital Münster, Münster,
Germany. 3 Department of Medicine D, Division of General Internal Medicine,
Nephrology, and Rheumatology, University Hospital Münster, Münster, Ger‑
many. 4 Gerhard Domagk Institute of Pathology, University Hospital Münster,
Münster, Germany. 5 MVZ Labor Münster Hafenweg GmbH, Münster, Germany.
Received: 26 January 2022 Accepted: 5 July 2022

References
1. Westwell AJ, Kerr K, Spencer MB, Hutchinson DN. DF-2 infection. BMJ.
1989;2986666:116–7.
2. Butler T. Capnocytophaga canimorsus: an emerging cause of sepsis,
meningitis, and post-splenectomy infection after dog bites. Eur J Clin
Microbiol Infect Dis. 2015;347:1271–80.
3. Hopkins AM, Desravines N, Stringer EM, Zahn K, Webster CM, Krajick K,
et al. Capnocytophaga bacteremia precipitating severe thrombocytope‑
nia and preterm labor in an asplenic host. Infect Dis Rep. 2019;113:8272.
4. Oliveira P, Figueiredo M, Paes de Faria V, Abreu G, Resende J. Septic
Shock Due to Capnocytophaga canimorsus infection in a splenectomized
patient. Cureus. 2021;133:e13815.
5. Gaastra W, Lipman LJA. Capnocytophaga canimorsus. Vet Microbiol.
2010;1403:339–46.
6. Malik MU, Nadir H. Capnocytophagia canimorsus—severe sepsis in a
previously well individual with no evidence of a cat or dog bite. a case
report. Ann Med Surg. 2020;55:53–5.
7. Langguth P, Leissner L, Zick G, Fischer A, Stuhlmann-Laiesz C, Salehi
Ravesh M, et al. Why asplenic patients should not take care of the neigh‑
bour’s dog? A fatal course of Capnocytophaga canimorsus sepsis. Case
Rep Infect Dis. 2018;2018:3870640.
8. Cooper JD, Dorion RP, Smith JL. A rare case of Waterhouse–Friderichsen
syndrome caused by Capnocytophaga canimorsus in an immunocompe‑
tent patient. Infection. 2015;435:599–602.
9. Stiegler D, Gilbert JD, Warner MS, Byard RW. Fatal dog bite in the absence
of significant trauma: Capnocytophaga canimorsus infection and unex‑
pected death. Am J Forensic Med Pathol. 2010;312:198–9.

Schuler et al. BMC Infectious Diseases

(2022) 22:696

Page 7 of 7

10. Mirza I, Wolk J, Toth L, Rostenberg P, Kranwinkel R, Sieber SC. Water‑
house–Friderichsen syndrome secondary to Capnocytophaga canimorsus
septicemia and demonstration of bacteremia by peripheral blood smear.
Arch Pathol Lab Med. 2000;1246:859–63.
11. El-Battrawy I, Ansari U, Behnes M, Kirschstein W, Britsch S, Jabbour C,
et al. Dyspnea and skin rash in a 49-year-old male patient. Internist (Berl).
2017;583:282–6.
12. Hess E, Renzi F, Karhunen P, Dol M, Lefèvre A, Antikainen J, et al. Capnocytophaga canimorsus capsular serovar and disease severity, Helsinki Hospi‑
tal District, Finland 2000–2017. Emerg Infect Diseases. 2018;2412:2195.
13. Renzi F, Ittig SJ, Sadovskaya I, Hess E, Lauber F, Dol M, et al. Evidence for
a LOS and a capsular polysaccharide in Capnocytophaga canimorsus. Sci
Rep. 2016;61:1–14.
14. Hess E, Renzi F, Koudad D, Dol M, Cornelis GR. Identification of virulent
Capnocytophaga canimorsus isolates by capsular typing. J Clin Microbiol.
2017;556:1902–14.
15. Wardemann H, Boehm T, Dear N, Carsetti R. B-1a B cells that link the
innate and adaptive immune responses are lacking in the absence of the
spleen. J Exp Med. 2002;1956:771–80.
16. Zandvoort A, Timens W. The dual function of the splenic marginal zone:
essential for initiation of anti-TI-2 responses but also vital in the general
first-line defense against blood-borne antigens. Clin Exp Immunol.
2002;1301:4–11.
17. Rueff F, Bedacht R, Schury G. Bite injury. Special situation as to clinical
aspects, therapy and course of healing. Med Welt. 1967;12:663–8.
18. Waterhouse R. A case of suprarenal apoplexy. Lancet.
1911;1774566:577–8.
19. Friderichsen C. Binyreapopleksi hos Smaabørn 1917.
20. Duffy TP. The sooner the better. N Engl J Med. 1993;32910:710–3.
21. Salzman MB, Rubin LG. Meningococcemia. Infect Dis Clin N Am.
1996;104:709–25.
22. Darmstadt GL. Acute infectious purpura fulminans: pathogenesis and
medical management. Pediatr Dermatol. 1998;153:169–83.
23. Toews WH, Bass JW. Skin manifestations of meningococcal infection; an
immediate indicator of prognosis. Am J Dis Child. 1974;1272:173–6.
24. Dusch H, Zbinden R, Von Graevenitz A. Growth differences of Capnocytophaga canimorsus strains and some other fastidious organisms
on various Columbia-based blood agar media. Zentralbl Bakteriol.
1995;2824:362–6.
25. Meyer EC, Alt-Epping S, Moerer O, Büttner B. Fatal septic shock due to
Capnocytophaga canimorsus bacteremia masquerading as COVID-19
pneumonia—a case report. BMC Infect Dis. 2021;211:736.
26. Jolivet-Gougeon A, Sixou JL, Tamanai-Shacoori Z, Bonnaure-Mallet M.
Antimicrobial treatment of Capnocytophaga infections. Int J Antimicrob
Agents. 2007;294:367–73.
27. Medeiros I, Saconato H. Antibiotic prophylaxis for mammalian bites.
Cochrane Database Syst Rev. 20012:CD001738.
28. Tabaka ME, Quinn JV, Kohn MA, Polevoi SK. Predictors of infection from
dog bite wounds: which patients may benefit from prophylactic antibiot‑
ics? Emerg Med J. 2015;3211:860–3.
29. Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein EJ, Gorbach
SL, et al. Practice guidelines for the diagnosis and management of skin
and soft tissue infections: 2014 update by the infectious diseases society
of America. Clin Infect Dis. 2014;592:147–59.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

