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Abstract: Background: Cephalosporins are considered safe antibiotics. However, serious
hematological abnormalities may occur, although rarely, after their therapeutic use. Case
Presentation: We present a case of pancytopenia in a 72-year-old female patient treated
with ceftriaxone for a urinary tract infection. After five days of therapy, pancytopenia was
observed. Other causes were excluded through extensive diagnostic evaluation, including
immunological tests, viral serologies, bone marrow aspiration, and peripheral blood smear.
The patient’s clinical condition significantly improved following the discontinuation of
ceftriaxone and the administration of granulocyte colony-stimulating factor (G-CSF). Bone
marrow findings revealed hypocellularity without malignant infiltration, and peripheral
smear showed no dysplasia, blasts, or hemolysis. Conclusions: This case demonstrates
that ceftriaxone, although widely regarded as a safe antibiotic, can induce rare but serious
hematologic complications such as pancytopenia. A high index of suspicion is required
when patients on antibiotic therapy develop unexplained cytopenias. Detailed medication
history, exclusion of other causes, and prompt discontinuation of the suspected drug are
essential. The patient’s favorable outcome supports the likelihood of an idiosyncratic,
immune-mediated mechanism. Future research should explore pharmacogenomic screen-
ing in patients at increased risk, particularly involving HLA variants.
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1. Introduction
Pancytopenia is characterized by a simultaneous reduction in red blood cells, white

blood cells, and platelets in the peripheral blood, and it can be caused by infections,
hematologic malignancies, autoimmune disorders, and drugs [1]. Among medications,
hematologic reactions are more commonly associated with chemotherapy agents but can
also occur with antibiotics such as cephalosporins [2,3].

Cephalosporins are β-lactam antibiotics classified into five generations based on their
spectrum of coverage against Gram-positive and Gram-negative bacteria, resistance to beta-
lactamases, pharmacokinetics, and their temporal discovery. They are generally considered
safe and well-tolerated antibiotics [4].

Ceftriaxone, a third-generation cephalosporin, is widely used as a parenteral antibac-
terial to treat a variety of infections [4]. Its extended coverage of Gram-negative bacteria,
favorable tissue penetration for most common infections, low allergenic and toxic profile,
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and once-daily dosing make it a very popular drug for both outpatient and inpatient
antimicrobial therapy [5,6]. However, hematologic complications, including neutropenia
and thrombocytopenia, have been reported [7,8]. Hematologic toxicity associated with
ceftriaxone is rare, but serious potential complications can occur after standard doses and
usual duration of therapy with this drug [9]. The pathogenesis of this toxicity is not fully
explained, but it has been suggested to occur either by an immunologic mechanism or
because of direct drug toxicity [8]. The hematological toxicity of ceftriaxone has been
described in case studies and those involving special patient groups [8,10].

This case report examines a 72-year-old female patient treated with ceftriaxone. The
aim is to highlight the complexity of a rare but serious hematological adverse reaction
associated with ceftriaxone use—pancytopenia. It underscores the importance of clinical
vigilance, timely recognition, and appropriate management in preventing severe outcomes.

2. Case Presentation
A 72-year-old female was hospitalized for fever and general weakness. Although the

patient was being treated for a urinary tract infection, she showed no signs of sepsis. Both C-
reactive protein (CRP) and procalcitonin (PCT) levels were only mildly elevated, and there
was no clinical or laboratory evidence of systemic inflammatory response syndrome (SIRS)
or organ dysfunction. In her personal medical history, the patient reported being aware of a
previously diagnosed Baker’s cyst but denied any other chronic illnesses or known allergies
to food or medications. She was not on any chronic therapy or supplements but reported
occasional use of paracetamol for musculoskeletal pain relief. There was no relevant family
history, including autoimmune or hematological diseases. She was receiving treatment for a
urinary tract infection with ceftriaxone (2 g/day intravenously). After five days of therapy,
laboratory findings revealed a significant decline across all blood cell lines (Table 1).

Table 1. Laboratory parameters during hospitalization and after ceftriaxone withdrawal and filgras-
tim administration.

Parameter Day 1 Day 5 Day 7 After Ceftriaxone Withdrawal
and Filgrastim Administration

Hematology
White blood cells (WBC) × 109/L 3.5 2.2 1.8 4.6
Red blood cells (RBC) × 1012/L 3.8 3.5 3.2 4.0

Hemoglobin (g/L) 112 102 98 120
Hematocrit (%) 33.6 31.2 30.0 36.1

Platelets (×109/L) 130 92 88 101
Neutrophils (%) 75.2 61.2 53.0 68.0

Lymphocytes (%) 22.1 26.8 30.0 24.0
Biochemistry and inflammatory markers

C-reactive protein (CRP) mg/L 22.4 34.2 47.4 18.3
Procalcitonin (PCT) ng/mL 0.23 0.34 0.29 0.10

AST (U/L) 31 38 42 29
ALT (U/L) 26 33 36 25
LDH (U/L) 241 270 296 212

Total bilirubin (µmol/L) 8.7 10.3 11.5 6.2
Creatinine (µmol/L) 83 91 87 79

Urea (mmol/L) 4.6 5.1 4.3 4.0
Microbiological work-up

Hemoculture - - - Negative ×3
Urine culture - - - Negative



Hematol. Rep. 2025, 17, 30 3 of 8

Table 1. Cont.

Parameter Day 1 Day 5 Day 7 After Ceftriaxone Withdrawal
and Filgrastim Administration

Tumor markers
CEA (ng/mL) - 2.0 - -
AFP (ng/mL) - 3.5 - -

CA 19-9 (U/mL) - 22.5 - -
CA 15-3 (U/mL) - 17.8 - -
CA 125 (U/mL) - 34.5 - -

Cyfra 21-1 (ng/mL) - 1.7 - -
Immunological and viral serology

ANA - - - Negative
ENA - - - Negative

ANCA - - - Negative
dsDNA - - - Negative
HBsAg - - - Negative

Anti-HCV - - - Negative
Anti-HIV - - - Negative
CMV IgM - - - Negative
EBV IgM - - - Negative

Toxoplasma gondii - - - Negative
Other tests

ASTO (U/mL) - - - 125
Throat and nasal swab - - - Negative

Bone marrow aspiration
Peripheral blood smear - - -

Hypocellular marrow, no
malignant infiltration

No evidence of hemolysis,
dysplasia, or blasts

AST: aspartate transaminase; ALT: alanine transaminase; LDH: lactate dehydrogenase; CEA: carcinoembryonic
antigen; AFP: alpha-fetoprotein; CA 19-9: cancer antigen for pancreatic cancer; CA 15-3: cancer antigen for breast
cancer; CA 125: cancer antigen for ovarian cancer; Cyfra 21-1: tumor marker for squamous cell lung cancer;
ANA: antinuclear antibody; ENA: extractable nuclear antigens antibodies; ANCA: anti-neutrophil cytoplasmic
antibodies; dsDNA: double-stranded DNA antibodies; HBsA: hepatitis B surface antigen; Anti-HCV: anti-
hepatitis C virus antibody; Anti-HIV: anti-human immunodeficiency virus antibody; CMV IgM: cytomegalovirus
immunoglobulin M; EBV IgM: Epstein–Barr virus immunoglobulin M; ASTO: anti streptolysin O test.

There was no evidence of hemolysis, bleeding, ongoing infection, or infiltrative bone
marrow disease. During hospitalization, the patient received prophylactic subcutaneous
fraxiparine due to detected superficial venous thrombosis. Given the thrombocytopenia,
heparin-induced thrombocytopenia (HIT) was considered in the differential diagnosis.
However, the 4T score was low < 5%, and there were no clinical or laboratory findings
consistent with HIT. Pancytopenia was therefore attributed to ceftriaxone as the most
likely cause. Immunological investigations, viral serologies, and bone marrow aspiration
excluded alternative causes. A peripheral blood smear was also performed and revealed
no evidence of hemolysis, dysplasia, or blasts, further supporting a nonmalignant etiology.

Radiologic evaluation was performed during hospitalization. Doppler ultrasound of
the lower extremities revealed a thrombotic mass in the left great saphenous vein without
involvement of the deep venous system. Soft tissue ultrasound showed a hypoechoic
lesion in the left lower leg without signs of abscess formation, along with subcutaneous
edema and a Baker’s cyst in the popliteal region. Abdominal ultrasound revealed a 20 mm
hemangioma in the left liver lobe, and pelvic Doppler ultrasound showed a small amount
of free fluid without lymphadenopathy. Standard radiographs confirmed degenerative
bone changes in the upper abdomen and pelvis.

Ceftriaxone was discontinued, and filgrastim was administered subcutaneously at
a dose of 30 MU (approximately 300 mcg) on day 5 of hospitalization. According to the
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medication administration chart, only a single dose of filgrastim was given. Trends in
hematologic parameters throughout hospitalization are shown in Figure 1.

Figure 1. Trends in white blood cell count (WBC), hemoglobin, and platelet levels during hospital-
ization. Ceftriaxone was discontinued and filgrastim was administered on day 5 (indicated by red
dashed line).

3. Discussion
Drug-induced hematologic reactions can arise from direct toxic effects on hematopoiesis

or immune-mediated idiosyncratic mechanisms [11,12]. Idiosyncratic drug reactions are
unpredictable, dose-independent, and often immune-mediated [13,14]. These reactions
can be triggered by a variety of medications, including antibiotics, and their onset is often
difficult to predict. The underlying mechanisms behind such reactions are complex and not
fully understood, but they are believed to involve immune-mediated processes that lead to
hematologic dysfunction.

In this case, the clinical timeline, reversibility after drug withdrawal, and favorable
response to granulocyte colony-stimulating factor (G-CSF) strongly suggest an idiosyncratic
mechanism [8,11]. The patient exhibited a clear temporal relationship between ceftriaxone
administration and the development of pancytopenia, which improved rapidly upon the
discontinuation of the drug and the introduction of G-CSF. This supports the idea that the
hematologic reaction was likely drug-induced and immune-mediated, rather than resulting
from a direct toxic effect on the bone marrow.

Although cephalosporins are generally considered safe, serious hematologic adverse
effects such as neutropenia and pancytopenia have been reported, particularly in suscepti-
ble individuals [3,15]. These reactions are rare, but they can be severe and life-threatening,
highlighting the importance of monitoring patients closely during antibiotic therapy, espe-
cially when other risk factors are present. The exact mechanism by which cephalosporins
induce hematologic toxicity is still unclear, but it may involve immune-mediated destruc-
tion of blood cells.

One of the key mechanisms through which ceftriaxone may induce pancytopenia is
through immune-mediated processes. Cephalosporins, including ceftriaxone, can trigger
the formation of antigens on the surface of blood cells, leading to the production of antibod-
ies that target and destroy these cells. This phenomenon is known as the hapten reaction,
where the drug, acting as a hapten, modifies surface proteins on red blood cells, platelets, or
leukocytes, leading to their rapid immune-mediated clearance [16]. This process can result
in various hematologic disorders, such as hemolytic anemia, neutropenia, and thrombocy-
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topenia, ultimately culminating in pancytopenia. This mechanism is specific to ceftriaxone
but can also be seen with other beta-lactam antibiotics.

Recent findings have also shown that medications beyond antibiotics, including
antiepileptics and analgesics, have been implicated in drug-induced agranulocytosis and
pancytopenia [17,18]. This suggests that drug-induced hematologic reactions are not lim-
ited to antibiotics and can occur with various medications [19]. Such reactions may often
go underreported or overlooked, as their presentation can resemble other hematologic
disorders. Therefore, a thorough evaluation and comprehensive drug history are essential
for diagnosing patients with unexplained hematologic abnormalities.

Several drugs beyond antibiotics have been associated with pancytopenia through a
variety of mechanisms, including direct myelotoxicity, idiosyncratic reactions, and immune-
mediated suppression. Table 2 summarizes the main pharmacological classes and rep-
resentative agents implicated in drug-induced pancytopenia, along with their proposed
mechanisms and relevant clinical considerations.

Table 2. Drugs associated with pancytopenia.

Drug Class Example(s) Mechanism of
Pancytopenia Notes References

Biologics and
Monoclonal Abs

Rituximab,
Infliximab

Immune-mediated
cytopenias

Pancytopenia is rare but
has been documented [2]

Chemotherapy
agents

Methotrexate,
Cyclophosphamide

Dose-dependent bone
marrow suppression

Expected adverse effect;
supportive care needed [2]

Immunosuppressants
Azathioprine,
Mycophenolate
mofetil

Inhibition of marrow cell
proliferation

Requires frequent CBC
monitoring [2]

Antiretroviral drugs Zidovudine (AZT) Mitochondrial toxicity
affecting marrow cells

Pancytopenia often
dose-related [2,3]

NSAIDs Phenylbutazone,
Indomethacin

Immune-mediated or
dose-dependent
suppression

Rare but severe cases
have been reported [2,3]

Antimalarials Chloroquine,
Quinine

Immune-mediated
hemolysis and marrow
suppression

Rare; often reversible [3]

Antiepileptics Carbamazepine,
Phenytoin, Valproate

Direct toxicity or
idiosyncratic reaction

Requires regular blood
count monitoring [2,3,11]

Antipsychotics Clozapine Agranulocytosis with
potential for pancytopenia

Requires regular CBC
monitoring [2,3,11]

Sulfonamides Sulfamethoxazole-
trimethoprim

Idiosyncratic or
immune-mediated

More common in elderly
and HIV patients [2,3,11]

Beta-lactam
antibiotics

Ceftriaxone,
Penicillin,
Piperacillin

Immune-mediated or direct
bone marrow toxicity

Usually reversible after
drug withdrawal [5,7,11,15]

Antithyroid drugs Methimazole,
Propylthiouracil

Idiosyncratic
immune-mediated bone
marrow suppression

Associated with
agranulocytosis and
pancytopenia

[8,11,18]

Antifungals Amphotericin B Direct bone marrow
suppression

Requires close
monitoring [19]

The role of genetic and pharmacogenetic factors, particularly human leukocyte anti-
gen (HLA) variants, has been highlighted in recent research on drug-induced hematologic
reactions. Studies suggest that specific HLA variants may predispose individuals to these
reactions, including those triggered by ceftriaxone [20]. The genetic makeup of the indi-
vidual can significantly influence the immune response to the drug. In certain cases, the
immune system may recognize modified blood cells as foreign and initiate an immune
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response that leads to their destruction. This highlights the importance of considering
genetic factors in patients who may be at higher risk for such reactions.

While most of the data on HLA associations come from studies on clozapine-induced
agranulocytosis, similar immune-mediated mechanisms are likely at play in antibiotic-
induced hematologic reactions [20]. Identifying patients with genetic predispositions could
help guide clinical decisions and potentially prevent severe reactions.

In recent years, the potential role of genetic predisposition in drug-induced hemato-
logic toxicity has garnered increasing attention. In particular, certain HLA variants have
been associated with increased susceptibility to severe adverse drug reactions, including
agranulocytosis and aplastic anemia. For instance, HLA-B*38:02 and HLA-DRB*108:03
have been implicated in antithyroid drug-induced agranulocytosis [21], and HLA-B*57:01
is strongly associated with abacavir hypersensitivity [22].

Although no specific HLA genotype has yet been definitively linked to ceftriaxone-
induced pancytopenia, immune-mediated reactions involving HLA-restricted pathways
remain a plausible mechanism. As pharmacogenomic research progresses, identifying such
genetic risk factors may become essential in predicting which patients are more likely to
develop hematologic complications.

In this context, genetic screening could be considered in selected high-risk populations,
such as individuals with a history of drug-induced cytopenias or multiple drug allergies.
While routine HLA genotyping is not currently standard clinical practice in antibiotic
prescribing, future integration of genetic risk assessment into clinical workflows may
enhance the safety of antimicrobial therapy through personalized risk stratification.

The management of drug-induced hematologic reactions primarily involves the early
identification and discontinuation of the offending agent, as well as supportive care. In
more severe cases, the administration of G-CSF has been shown to promote hematologic
recovery [11,23]. G-CSF can accelerate recovery in some cases, although its effectiveness
may vary based on the severity of the reaction. It is critical to tailor treatment to each
individual patient’s needs and their response to therapy.

The effectiveness of G-CSF in facilitating recovery has been demonstrated in several
reports, including this case, where G-CSF played a crucial role in the patient’s rapid recov-
ery, further supporting the diagnosis of drug-induced myelosuppression [20]. However,
it is important to note that not all patients will respond to G-CSF, and its use should be
considered on a case-by-case basis.

This case underscores the importance of vigilance when prescribing even commonly
used antibiotics. While ceftriaxone and other cephalosporins are generally considered safe,
it is vital for clinicians to remain alert to the potential for rare but serious adverse reactions.
Early recognition and timely management of drug-induced hematologic reactions can lead
to full recovery and significantly reduce the risk of complications [24]. By raising awareness
of such reactions, clinicians can improve patient outcomes and prevent the potentially
life-threatening consequences of drug-induced hematologic disorders.

4. Conclusions
This case demonstrates that ceftriaxone, although widely regarded as a safe antibiotic,

can induce rare but serious hematologic complications such as pancytopenia. A high
index of suspicion is required when patients on antibiotic therapy develop unexplained
cytopenias. Detailed medication history, exclusion of other causes, and prompt discon-
tinuation of the suspected drug are essential. The patient’s favorable outcome following
drug withdrawal and G-CSF administration supports the likelihood of an idiosyncratic,
immune-mediated mechanism. Considering emerging evidence on genetic susceptibility,
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particularly involving HLA variants, future research should explore pharmacogenomic
screening in patients at increased risk for drug-induced hematologic toxicity.

Author Contributions: Conceptualization, E.K. and Z.S.-R.; investigation, E.K. and M.J.; data curation,
M.P.; writing—original draft preparation, E.K.; writing—review and editing, Z.S.-R., J.R. and M.P.;
radiological analysis, M.M.; supervision, Z.S.-R. and J.R. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of General Hospital Novi Pazar (protocol code:
610; date of approval: 28 February 2024).

Informed Consent Statement: Written informed consent was obtained from the patient for the
publication of this case report and any accompanying images.

Data Availability Statement: No new data were created or analyzed in this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Jamil, M.; Nasser, Z.; Jamil, D.; Sheqwara, J.Z. Unmasking vitamin B12 deficiency misdiagnosed as myelodysplastic syndrome.

Case Rep. Hematol. 2024, 2024, 3258227. [CrossRef] [PubMed]
2. Tesfa, D.; Keisu, M.; Palmblad, J. Idiosyncratic drug-induced agranulocytosis: Possible mechanisms and management. Am. J.

Hematol. 2009, 84, 428–434. [CrossRef] [PubMed]
3. Andersohn, F.; Konzen, C.; Garbe, E. Systematic review: Agranulocytosis induced by nonchemotherapy drugs. Ann. Intern. Med.

2007, 146, 657–665. [CrossRef] [PubMed]
4. Perry, T.R.; Schentag, J.J. Clinical use of ceftriaxone: A pharmacokinetic pharmacodynamic perspective on the impact of minimum

inhibitory concentration and serum protein binding. Clin. Pharmacokinet. 2001, 40, 685–694. [CrossRef]
5. Dickson, S.D.; Salazar, K.C. Diagnosis and management of immediate hypersensitivity reactions to cephalosporins. Clin. Rev.

Allerg. Immunol. 2013, 45, 131–142. [CrossRef]
6. Lamb, H.M.; Ormrod, D.; Scott, L.J.; Figgitt, D.P. Ceftriaxone: An update of its use in the management of community-acquired

and nosocomial infections. Drugs 2002, 62, 1041–1089. [CrossRef]
7. Mistry, R.; Rawson, T.M.; Troise, O.; Mughal, N.; Moore, L.S.; Hughes, S. Haematological and hepatic adverse effects of ceftriaxone

in ambulatory care: A dual-centre retrospective observational analysis of standard vs high dose. BMC Infect. Dis. 2022, 22, 959.
[CrossRef]

8. Munir, F.; Javaid, H.W.; Rana, M.B.M.; Shaukat, F. Ceftriaxone-induced reversible agranulocytosis: A case report and review of
drug-induced agranulocytosis. Cureus 2022, 14, e23226. [CrossRef]

9. Duncan, C.J.A.; Evans, T.J.; Seaton, R.A. Ceftriaxone-related agranulocytosis during outpatient parenteral antibiotic therapy.
J. Antimicrob. Chemother. 2010, 65, 2483–2484. [CrossRef]

10. Duncan, C.J.A.; Barr, D.A.; Seaton, R.A. Outpatient parenteral antimicrobial therapy with ceftriaxone, a review. Int. J. Clin. Pharm.
2012, 34, 410–417. [CrossRef]

11. Andrès, E.; Maloisel, F.; Kurtz, J.E.; Kaltenbach, G.; Alt, M.; Weber, J.C.; Sibilia, J.; Schlienger, J.L.; Blicklé, J.F.; Brogard, J.M.; et al.
Modern management of non-chemotherapy drug-induced agranulocytosis: A monocentric cohort study of 90 cases and review of
the literature. Eur. J. Intern. Med. 2002, 13, 324–328. [CrossRef] [PubMed]

12. Gale, R.P.; Hinterberger, W.; Young, N.S.; Gennery, A.R.; Dvorak, C.C.; Hebert, K.M.; Heim, M.; Broglie, L.; Eapen, M. What
causes aplastic anaemia? Leukemia 2023, 37, 1191–1193. [CrossRef]

13. Uetrecht, J.; Naisbitt, D.J. Idiosyncratic adverse drug reactions: Current concepts. Pharmacol. Rev. 2013, 65, 779–808. [CrossRef]
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