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1 | INTRODUCTION

Abstract

Leukopenia, including agranulocytosis, is a severe complication of treatment
with all p-lactam antibiotics. Its incidence increases with age. Cardiobacterium
hominis endocarditis after implantation of an aortic valve bio-prosthesis in a
77-year-old woman was treated with ceftriaxone 2 g/day plus gentamicin 160 mg/
day intravenously. On Day 25 of treatment, blood leukocytes had decreased to
1800/pl (neutrophils 370/pl). Antibiotic therapy was switched to penicillin G 20
million international units (IU)/day. Thereafter, blood leukocytes including neu-
trophils normalized suggesting that penicillin G was less bone marrow-toxic than
ceftriaxone. High-dose ciprofloxacin, the alternative to penicillin G, was avoided
because of the risk of cognitive and behavioral side effects. The present case sug-
gests that with close laboratory monitoring a p-lactam with differing side chains
should not be considered contraindicated after p-lactam antibiotic-induced
neutropenia.
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corrodens, Kingella kingae) consisting of Gram-negative

Cardiobacterium hominis is a Gram-negative rod-shaped
bacterium colonizing the mouth and the upper respi-
ratory tract. It can cause endocarditis, predominantly
prosthetic valve endocarditis."* It is a member of the
HACEK group (Haemophilus spp., Aggregatibacter acti-
nomycetemcomitans, Cardiobacterium hominis, Eikenella

bacteria which are part of the normal flora of the oral cav-
ity and upper respiratory tract in humans and can cause
endocarditis typically in patients with heart diseases or
artificial valves.’ The clinical course of C.hominis endo-
carditis often is indolent with a long duration of symptoms
prior to the establishment of the diagnosis.* A review of
C. hominis endocarditis cases from 2006 found a duration
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of preceding symptoms of 138 +128days. The symptoms
most frequently reported were fever (74%), fatigue and
malaise (53%), weight loss (40%), night sweats (24%), and
joint and muscle pain (21%). Confusion was noted in only
one of 61 patients.’ Standard therapy of C.hominis endo-
carditis consists of ceftriaxone for 6 weeks in combination
with gentamicin for 4 weeks.?

Drug-induced neutropenia is defined by a decrease of
the blood neutrophil count below 500/pl. Neutropenia
or agranulocytosis associated with exposure to non-
chemotherapy drugs ranges from approximately 2.4 to 15.4
cases per million population per year.® Non-chemotherapy
drugs most often associated with neutropenia or agranu-
locytosis include clozapine, other neuroleptic and an-
tidepressant drugs, dipyrone, ticlopidine, thyreostatic
drugs, carbamazepine, f-lactams, and other antibiotics
including sulfamethoxazole-trimethoprim, sulfasalazine,

fluoroquinolones, clindamycin, linezolid, glycopeptides,
and valganciclovir.® Drug-induced neutropenia prob-
ably can occur with all B-lactam antibiotics. Both direct
toxic and immune-mediated mechanisms have been
implicated.”

2 | CASE REPORT

A 77-year-old woman (body weight 52kg) with no known
allergies to antibiotics or other drugs had received aor-
tic valve replacement (Carpentier-Edwards Perimount
Magna Ease bio-prosthesis) for aortic regurgitation.
11years later, her general state of health declined, she
became forgetful and disoriented at night. 2months later,
she developed fever up to 38°C, elevated C-reactive pro-
tein (up to 57mg/L), and was encountered disoriented in

FIGURE 1
echocardiography (A, B) and abdominal

Transesophageal

computer tomography (C, D) prior to

the initiation of antibiotic treatment in
Cardiobacterium hominis endocarditis.
Strongly degenerated aortic valve
bio-prosthesis suggesting infective
endocarditis, (A) short axis, (B) long axis.
Splenomegaly and splenic infarction
(arrows), contrast-enhanced sagittal
computer tomography, (C) transversal
image, (D) sagittal image.
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a shop, which led to a short hospital admission without
definite diagnosis. In the next 2months, the episodes of
elevated temperature persisted, the cognitive decline
worsened (decline of the Montreal Cognitive Assessment
from 24 to 16 of 30 points), and the patient developed gait
disturbances and sleep apnea. She did not complain of ab-
dominal pain, and physical exam of the abdomen was nor-
mal except for a small inguinal hernia. Auscultation did
not reveal a systolic or diastolic cardiac murmur. Three
blood cultures drawn after admission at our institution
(i.e., 4months after the start of cognitive abnormalities
and 2 months after the onset of fever) on consecutive days
grew Cardiobacterium hominis within 72h. The bacte-
rium was identified by matrix-assisted laser desorption/
ionization-time of flight mass spectroscopy (MALDI-
TOF MS) and cultured on Mueller-Hinton agar supple-
mented with 5% horse blood and 20 mg/L nicotinamide
adenine dinucleotide (NAD) for the determination of
antibiotic susceptibility. No pathogens were isolated
from other sites. A throat swab grew physiological flora.
Transesophageal echocardiography showed strong degen-
eration of the aortic valve with high-grade aortic steno-
sis (area of valve opening 1cm?) suggesting endocarditis
(Figure 1) and a large patent foramen ovale with continu-
ous left-to-right atrial shunting. Abdominal computer
tomography revealed splenomegaly and fresh splenic
infarction. Magnetic resonance imaging of the brain ex-
cluded acute or subacute septic-embolic encephalitis, but
showed cerebral microangiopathy and a small left-sided
infratentorial meningioma. The diagnosis of endocarditis
was made because of the typical pathogen, the history of
cardiac valve replacement, suspicious findings in echocar-
diography, and the splenic infarction.

Antibiotic therapy with ceftriaxone 2g/day plus gen-
tamicin 160mg/day i.v. administered as single daily
doses was started immediately. Other drugs adminis-
tered included oral bisoprolol, candesartan, torasemide,
rivaroxaban, levothyroxine, melatonin, and inhaled be-
clometasone. These drugs carry a very low risk of induc-
ing leukopenia. No surgical interventions were performed.
The patient's general and cognitive status improved rap-
idly, and fever and C-reactive protein declined. When on
Day 25 of treatment, blood leukocytes had decreased to
1800/pl (neutrophils 370/ul) (Figure 2), ceftriaxone and
gentamicin were discontinued. Antibiotic therapy was
switched to penicillin G 5 million international units (IU)
every 6 h (20 million IU/day=12g/day; 1 million IU peni-
cillin G equivalent to 0.6 g penicillin G). Thereafter, blood
leukocytes including neutrophils gradually increased to
5910/pl and 3420/pl, respectively, on Day 160. The patient
made an uneventful recovery and was discharged home
after 6weeks of antibiotic treatment. A blood culture
drawn 2days after termination of penicillin G treatment
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FIGURE 2 Time course of total leukocyte (filled circles) and
neutrophilic granulocyte counts (filled squares) in a 77-year-old
woman receiving ceftriaxone 2 g/day plus gentamicin 160 mg/day
(yellow bar)* and penicillin G 4 X 5 million international units/
day (green bar)# for endocarditis of an aortic valve bio-prosthesis
by Cardiobacterium hominis. Please note the drop of neutrophilic
granulocytes on Day 25 of treatment, which led to the switch of
antibacterial therapy. *Black and white: light gray. #Black and
white: dark gray.

was sterile. At 6months intervals, the degree of aortic
valve stenosis is monitored by echocardiography in order
not to miss the slot for an intervention at the aortic valve.

3 | DISCUSSION

Leukopenia, including agranulocytosis, is a severe, usu-
ally reversible, complication of treatment with all p-lactam
antibiotics. The pathogenesis of neutropenia and agranu-
locytosis induced by p-lactam antibiotics remains contro-
versial. Either an immunological mechanism or direct
bone marrow toxicity have been implicated.® Often—as in
the present case—bone marrow histology and the search
for antibodies directed against the f-lactam antibiotic ad-
ministered are not performed.6 Fortunately, the outcome
often is favorable: according to our PUBMED search,
only one fatal case caused by ceftriaxone in a pregnant
woman eventually dying of Aspergillus sp. necrotizing
bronchopneumonia after repeated treatment with ceftri-
axone prior and after caesarean section was reported (case
#15).% In a review of 26 patients from the first 50years
of penicillin use (18 of the 26 patients suffered from en-
docarditis), all patients with penicillin G-induced leu-
kopenia or agranulocytosis survived.'® In a more recent
retrospective systematic study on prolonged high-dose in-
travenous penicillin G for the treatment of neurosyphilis
(n=1367, total cumulative dose from 240 to 324 million
IU), neutropenia and severe neutropenia occurred in 2.4%
and 0.35% of the cases. No fatal cases were reported.™
Gentamicin has not been reported to cause leukopenia
in an extensive narrative review on non-chemotherapy
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drug-induced neutropenia.® Leukopenia and agranulo-
cytosis during antibiotic treatment are less frequent and
often less dramatic than agranulocytosis caused by can-
cer chemotherapy. Here, in-hospital mortality rates range
from 0.4% to 3.0% in children with cancer, 2.6% to 7.0% in
adults with solid tumors, and 7.4% in adults with hemato-
logic malignancies.'? Cytostatic regimens most commonly
associated with leukopenia/agranulocytosis often include
doxorubicin, cyclophosphamide, platinum, etoposide, or
gemcitabine. These regimens frequently require granu-
locyte colony-stimulating factor (G-CSF).'>'* The patient
reported here did not require G-CSF.

The alternative to continuing treatment of the present
patient with a p-lactam antibiotic would have been high-
dose ciprofloxacin.”'* Fluoroquinolones carry a substan-
tial risk of cognitive and behavioral side effects especially
in the elderly and therefore were avoided in this patient
with cognitive abnormalities.

Because of the low minimum inhibitory concentration
of penicillin G for the bacterium isolated (0.008 mg/L) and
the structural dissimilarities of ceftriaxone and penicillin
G, treatment was continued with the latter drug. The daily
penicillin G dose necessary to achieve therapeutic plasma
concentrations for 24 hours was higher than the daily cef-
triaxone dose: 5 million IU four times a day (=4 x 3 g/day)
of penicillin G versus 2g ceftriaxone/day. The mean area
under the concentration-time curve (AUC) of a penicillin
dose of 1 million IU in healthy young volunteers (mean
age 34years) with a mean weight of 70kg was reported to
be 22.3 mg x h/1."* By assuming approximately linear phar-
macokinetics, 20 million IU penicillin G would result in
an AUC of 446 mg x h/1. Based on the population pharma-
cokinetics in 25 patients with infective endocarditis (age
21-83years, mean age 54 years, mean creatinine clearance
82.5mL/min), a daily dose of 20 million IU penicillin G
resulted in an AUC of approximately 692mgxh/1.'® A
single dose of 2g of ceftriaxone produced a mean AUC
of 1703mgxh/l in young healthy volunteers (mean age
36years)'’ and of 1774mgxh/l in intensive care patients
(age 49-76years, mean age 60years) with respiratory tract
infections."® These data indicate a lower AUC of 20 million
IU penicillin G/day than of 2g ceftriaxone/day. However,
when differences in protein binding are considered,’® the
estimated AUCs of the free fraction of 20 million IU peni-
cillin G/day and of 2g ceftriaxone/day are similar both in
healthy volunteers and in critically ill patients. Since the
free fraction probably is responsible for toxicity, it appears
unlikely that the differences in AUCs account for the re-
duced toxicity of penicillin G.

In vitro, the cephalosporin group is 3-25 times more
potent than penicillins in inhibiting granulopoiesis.*
Moreover, ceftriaxone possesses a R2 side chain with a
triazinedione group, which is more reactive than the side

chains of other B-lactam antibiotics including the other-
wise very similar cefepime.® The cornerstone of manage-
ment of p-lactam antibiotic-induced neutropenia is the
cessation of the causative agent. Direct substitution or
future use of an alternative p-lactam antibiotic is contro-
versially discussed.” Because of the superiority of p-lactam
antibiotics compared to alternative therapeutic options
for several infections including endocarditis, the present
case suggests that the use of a p-lactam with differing side
chains should not be considered contraindicated after p-
lactam antibiotic-induced neutropenia.” Close laboratory
monitoring, however, is indispensable.

AUTHOR CONTRIBUTIONS

Roland Nau: Conceptualization; investigation; writ-
ing - original draft; writing - review and editing. Stefan
Schmidt-Schweda: Investigation; writing — review and
editing. Tobias Frank: Investigation; writing - review
and editing. Johannes Gossner: Investigation; writing —
review and editing. Marija Djukic: Investigation; writing
- review and editing. Helmut Eiffert: Conceptualization;
investigation; writing - review and editing.

ACKNOWLEDGMENTS

We thank all staff members, who cared for the patient and
contributed to the favorable outcome. Open Access fund-
ing enabled and organized by Projekt DEAL.

FUNDING INFORMATION
This study was funded by the German Society for
Geriatrics.

CONFLICT OF INTEREST STATEMENT
The authors have no conflicts of interest to declare.

DATA AVAILABILITY STATEMENT
The personal data of the patient are not publicly available.

ETHICAL APPROVAL

The research was conducted ethically in accordance with
the World Medical Association Declaration of Helsinki.
Ethical approval is not required for this study in accord-
ance with national guidelines. The patient has given her
written informed consent to publish this case (including
publication of the images).

ORCID
Roland Nau © https://orcid.org/0000-0001-8316-995X
REFERENCES

1. Avery LM, Felberbaum CB, Hasan M. Ciprofloxacin for the
treatment of Cardiobacterium hominis prosthetic valve endo-
carditis. IDCases. 2018;11:77-79.


https://orcid.org/0000-0001-8316-995X
https://orcid.org/0000-0001-8316-995X

NAU ET AL.

10.

11.

12.

13.

Braun D, Horovitz A, Bertea M, Jenni R, Glinthard HF. Aortic
homograft endocarditis caused by Cardiobacterium hominis
and complicated by agranulocytosis due to ceftriaxone. BMJ
Case Rep. 2010;2010:bcr0420102894.

Khaledi M, Sameni F, Afkhami H, et al. Infective endocarditis
by HACEK: a review. J Cardiothorac Surg. 2022;17:185.
Radovanovic M, Marthaler BR, Nordstrom CW, Petrovic M,
Dumic I, Barsoum MK. Cardiobacterium hominis endocarditis
incidentally diagnosed following an aortic valve replacement
surgery. IDCases. 2022;29:€01529.

Malani AN, Aronoff DM, Bradley SF, Kauffman CA.
Cardiobacterium hominis endocarditis: two cases and a review
of the literature. EurJ Clin Microbiol Infect Dis. 2006;25:587-595.
Curtis BR. Non-chemotherapy drug-induced neutropenia:
key points to manage the challenges. Hematology Am Soc
Hematol Educ Program. 2017;2017(1):187-193. doi:10.1182/
asheducation-2017.1.187

Cimino C, Allos BM, Phillips EJ. A review of p-lactam-
associated neutropenia and implications for cross-reactivity.
Ann Pharmacother. 2021;55:1037-1049.

Uy N, Thiagarajan P, Musher DM. Cephalosporin side chain
idiosyncrasies: a case report of ceftriaxone-induced agran-
ulocytosis and review of literature. Open forum. Infect Dis.
2015;2(1):0fv007. doi:10.1093/0fid/ofv007

Candido HM, Bortolotto MR, Varejao Strabelli TM, Benvenuti LA.
Case 4/2011—agranulocytosis and puerperal sepsis in women
after the use of ceftriaxone. Arq Bras Cardiol. 2011;97:€20-e28.
Walz B, Zupnick J, Uden D, Keating A. Penicillin-induced
agranulocytosis. West J Med. 1988;149:460-462.

Peng RR, Wu J, Zhao W, et al. Neutropenia induced by high-
dose intravenous benzylpenicillin in treating neurosyphilis:
does it really matter? PLoS Negl Trop Dis. 2017;11:¢0005456.
Boccia R, Glaspy J, Crawford J, Aapro M. Chemotherapy-
induced neutropenia and febrile neutropenia in the US: a beast
of burden that needs to be tamed? Oncologist. 2022;27:625-636.
Engert A, del Giglio A, Bias P, Lubenau H, Gatzemeier U,
Heigener D. Incidence of febrile neutropenia and myelotoxicity

14.

15.

16.

17.

18.

19.

20.

N 50f5
Clinical Case Reports —Wl LEY

of chemotherapy: a meta-analysis of biosimilar G-CSF studies
in breast cancer, lung cancer, and non-Hodgkin's lymphoma.
Onkologie. 2009;32:599-604.

Vogt K, Klefisch F, Hahn H, Schmutzler H. Antibacterial
efficacy of ciprofloxacin in a case of endocarditis due to
Cardiobacterium hominis. Zentralbl Bakteriol. 1994;281:80-84.
Ebert SC, Leggett J, Vogelman B, Craig WA. Evidence for a
slow elimination phase for penicillin G. J Infect Dis. 1988;158:
200-202.

Komatsu T, Inomata T, Watanabe I, et al. Population pharmaco-
kinetic analysis and dosing regimen optimization of penicillin
G in patients with infective endocarditis. J Pharm Health Care
Sci. 2016;2:9. doi:10.1186/s40780-016-0043-x

Patel IH, Chen S, Parsonnet M, et al. Pharmacokinetics
of ceftriaxone in humans. Antimicrob Agents Chemother.
1981;20:634-641.

Nau R, Prange HW, Muth P, et al. Passage of cefotaxime and
ceftriaxone into cerebrospinal fluid of patients with uninflamed
meninges. Antimicrob Agents Chemother. 1993;37:1518-1524.
Wong G, Briscoe S, Adnan S, et al. Protein binding of f-lactam
antibiotics in critically ill patients: can we successfully pre-
dict unbound concentrations? Antimicrob Agents Chemother.
2013;57:6165-6170.

Neftel KA, Hiibscher U. Effects of beta-lactam antibiotics on
proliferating eucaryotic cells. Antimicrob Agents Chemother.
1987;31:1657-1661.

How to cite this article: Nau R, Schmidt-
Schweda S, Frank T, Gossner J, Djukic M, Eiffert
H. Ceftriaxone-induced neutropenia successfully
overcome by a switch to penicillin G in
Cardiobacterium hominis endocarditis. Clin Case
Rep. 2023;11:e7462. doi:10.1002/ccr3.7462



https://doi.org//10.1182/asheducation-2017.1.187
https://doi.org//10.1182/asheducation-2017.1.187
https://doi.org//10.1093/ofid/ofv007
https://doi.org//10.1186/s40780-016-0043-x
https://doi.org/10.1002/ccr3.7462

	Ceftriaxone-­induced neutropenia successfully overcome by a switch to penicillin G in Cardiobacterium hominis endocarditis
	Abstract
	1|INTRODUCTION
	2|CASE REPORT
	3|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICAL APPROVAL
	REFERENCES


