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Introduction 

Children with sickle cell disease (SCD) can often be 

hospitalized and may require multiple courses of 

antibiotics. These children are thought to have an 

increased risk of infection due to their impaired 

splenic function and defective opsonization [1]. The 

most implicated organisms are the encapsulated 

bacteria that express polysaccharide antigens, such 

as Haemophilus influenzae and Streptococcus 

pneumoniae. Patients infected with such organisms 

have been noted to have mortality rates as high as 

20% and 15%, respectively [1,2]. Of note, the 

patients in this cohort were on penicillin 

prophylaxis and had received the pneumococcal 

polysaccharide vaccination. Other organisms that 

are common in pediatric SCD are Salmonella, 

Klebsiella species, and Escherichia coli [3]. A 

cephalosporin is usually started when a SCD patient 
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extraction:  All articles in English identified from the data sources were evaluated.  All case reports and studies were included in the 
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comes in with a febrile episode [4]. Ceftriaxone has 

been a preferential empiric antibiotic choice for 

treatment in these patients when admitted to the 

hospital since its spectrum of activity includes all of 

these organisms.  Ceftriaxone or cefotaxime are 

considered to be the ideal antibiotics to cover most of 

the bacterial pathogens likely to be associated with 

septic episodes in pediatric patients with SCD [5]. 

Pediatric patients presenting with acute chest 

syndrome are also treated empirically with 

ceftriaxone, as shown in a study by Srair and 

colleagues [6]. Patients who are febrile and are 

deemed to be at low risk of sepsis, can safely and 

effectively be given ceftriaxone daily and 

intramuscularly in the outpatient setting, alternatively 

to being admitted to the hospital. This practice has 

also been demonstrated to decrease costs [7,8]. Even 

though ceftriaxone has all these benefits over other 

antibiotics, it is not without problems, one being the 

possibility of causing hemolytic anemia. There have 

been increasing case reports of ceftriaxone-induced 

hemolytic anemia, and many of these reports are in 

children with SCD.   

Hemolytic anemia is characterized by the reduction 

in erythroycte survival [9]. This can be measured by 

metabolic products produced by hemolysis: increased 

indirect bilirubin, increased lactate dehydrogenase, 

and reduced haptoglobin.  Reticulocytosis is also 

commonly seen, which is the body’s way of 

compensating to help maintain sufficient amount of 

red blood cells (RBCs) to carry and deliver oxygen. 

These lab abnormalities are also characteristic signs 

that are regularly seen in sickle cell patients; 

therefore, unless there are dramatic changes in these 

values, it is difficult to distinguish between the 

natural course of SCD and drug-induced hemolytic 

anemia.  In severe hemolytic anemia, the onset can be 

acute, and symptoms include pallor, jaundice, and 

hemoglobinuria [9]. 

Drug-induced hemolytic anemia is a very rare 

occurrence, reported to be around only one in one 

million of the population [10]. Comparatively, drug-

induced thrombocytopenia and neutropenia are more 

prevalent (10 to 18 and 2 to 15 cases per million, 

respectively,) [10]. Hemolytic anemia is seen more 

with autoimmune disease with incidence of one in 

80,000 people [9]. Since only severe cases of 

hemolytic anemia are reported, drug-induced 

hemolytic anemia may be more prevalent than noted 

due to underreporting.  In the 1970s the majority of 

the causative agents of drug-induced hemolytic 

anemia were methyldopa and penicillin (67% and 

23%, respectively).  Since the late 1980s, the second- 

and third-generation cephalosporins, cefotetan and 

ceftriaxone (75% and 13%, respectively) are the most 

implicated ones [11-13]. Quillen and colleagues 

studied 64 patient samples to evaluate the prevalence 

of ceftriaxone-induced RBC antibodies [14]. These 

samples were from pediatric patients with SCD or 

human immunodeficiency virus infection (HIV) (45 

HIV, 19 SCD). The anti-ceftriaxone antibody was 

present in 12.5% (8 of 64) of the samples.  Two of 

the eight cases had hemolysis  clinically; both of 

these patients were in the HIV group.  Patients with 

SCD had been exposed to ceftriaxone more, but had a 

lower prevalence of the anti-ceftriaxone antibody 

(5.3% versus 15.6%).  This article will provide a 

summary of the case reports of pediatric SCD 

patients with ceftriaxone-induced hemolytic anemia, 

the proposed mechanism of the hemolytic reaction, 

and a potential alternative antibiotic regimen for 

these patients. 

Data Sources 
Literature retrieval was accessed through PUBMED 

(1985 – January 2011) using the terms pediatric, 

sickle cell disease, ceftriaxone, hemolytic anemia, 

and hemolysis. In addition, reference citations 

identified from these publications were reviewed. All 

articles in English identified from the data sources 

were evaluated.  All case reports and studies were 

included in this review. 
 

Evidence 

No clinical trials have been completed in children or 

adults examining ceftriaxone-induced hemolytic 

anemia. According to Garrety there have been 29 

cases (including 10 fatalities) of ceftriaxone induced 

immune hemolytic anemia from 1971-2008 [10]. The 

evidence presented here reviews cases of ceftriaxone-

induced hemolytic anemia in children with SCD. 
 

Case 1 

A 24-month African American male with SCD 

presented to the emergency department with  fever 

[15].  Baseline labs and blood cultures were obtained, 

which revealed stable baseline labs for the patient, 

and per protocol he received ceftriaxone (75 

mg/kg/day). Twenty minutes after administration he 

had a cardiopulmonary arrest and had repeat lab 
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Table 1.  Case 1 Laboratory Results at Baseline 

and After Hemolysis Reaction
15

 

 Baseline Post 

Reaction 

 

Hemoglobin (gm/dL) 7 0.9 

Hematocrit (%) 20 1.5 

Leukocyte count  

(x 10
9
 cells/L) 

23 6.7 

Platelets (x10
9
 cell/L) 399 50 

 

testing that revealed severe anemia (Table 1).  

The patient experienced shock and passed 36 hours 

later.  He had received a total of 14 doses of 

ceftriaxone on several occasions prior to the 

hemolytic anemia reaction. After review of his 

medical chart it was noted that he had experienced 

five separate transient episodes of hemoglobinuria 

immediately after prior ceftriaxone infusions. 

Serologic studies were performed after the patient’s 

hemolytic anemia episode.  The patient was found to 

have a strong positive direct antiglobulin test that 

showed agglutination to immunoglobulin G (IgG) 

and complement.  When the patient’s enzyme-treated 

RBCs were added to plasma, complement, and 

ceftriaxone, agglutination and hemolytic reactions 

were noted. When dithiothreitol was added at 37 

degrees Celsius, the agglutination was reversed 

indicating that immunoglobulin M (IgM) antibodies 

were present. This case supports the IgM mechanism 

of causing hemolytic anemia (Table 2). 

Case 2 

A 6-year old Bedouin male with SCD was 

hospitalized for a vaso-occlusive crisis and developed 

a fever in which ceftriaxone (75 mg/kg/day) was used 

empirically [16]. Thirty minutes after his fourth 

infusion of ceftriaxone, he complained of severe 

abdominal and back pain. He then developed 

tachycardia and hypotension. The patient had 

received ceftriaxone on six prior occasions. The 

patient was given two units of packed RBCs and 

hydrocortisone, and he returned to baseline clinically.  

Labs indicated severe anemia (Table 3).   
 

Table 2.  Case 1 Serologies After Hemolysis Reaction
15

 

Test  

(post hemolytic anemia episode) 

 

Results 

Direct antiglobulin test + patient’s 

cells 

Agglutination 3+ 

   IgG Agglutination  

   C3 Agglutination  

 

Serum complement + patient’s serum 

 

   C3 (mg/dl) 69 (range 73-180) 

   C4 (mg/dl) 9.9 (range 15-45) 

Patient’s ceftriaxone-coated 

RBCs + patient’s serum 

Nonreactive 

Patient’s untreated RBCs + 

plasma, complement, and 

ceftriaxone 

Agglutination 3.5+ 

Patient’s enzyme-treated RBCs + 

plasma + fresh complement + 

ceftriaxone 

Agglutination 2.5+ 

Hemolysis 3+ 

Patient’s enzyme-treated RBCs + 

plasma + fresh complement + 

ceftriaxone + dithiothreitol at 

37C  

Negative (indication 

of IgM antibodies 

present) 

Note:  Agglutination and hemolysis are scored on scale 

from 0 to 4+ 

 

The patient had a negative Coombs’ test (direct 

antiglobulin test) on admission and tested positive 

after the hemolysis reaction. The patient’s labs 

revealed a positive antiglobulin test with anti-

complement activity; anti-IgG was not observed. The 

antibodies were found to be of the IgM class by using 

the dithiothreitol test. Therefore, this is another case 

to support the proposed IgM mechanism (Table 4).   

 

Case 3 

A 10-year old African American male with SCD was 

admitted to a hospital for pneumonia and was treated 

empirically with ceftriaxone [17,18].  On the third 

day of hospitalization, two hours after the 

administration of ceftriaxone, the patient had a 

sudden onset of generalized seizures and loss of 

consciousness. 

 

Labs indicated severe anemia (Table 5). The patient 
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Table 3:  Case 2 Laboratory Results at Baseline and 

After Hemolysis Reaction
16

 

 Baseline Post  

Reaction 

Hemoglobin (gm/dL) 9.7 2.8 

Hematocrit (%) 25 Unavailable 

Platelets (x10
9
 cell/L) 267 146 

Reticulocytes (%) 1.1 9 

Prothrombin time (sec) 11.2 19.3 

Thromboplastin time (sec) 32.2 Uncoagulable 

Total bilirubin (mg/ml) 1.3 27 

Direct coombs’ test Negative Positive 

 

had received ceftriaxone two years prior to this 

admission.  After discontinuation of ceftriaxone, the 

patient’s anemia improved, and he made a full 

recovery.  Serologic studies were performed (Table 

6) and confirmed that the antibody in the serum was 

predominantly IgM by the negative dithiothreitol test. 

 

Case 4 

A 6-year old African American female with SCD was 

hospitalized for vaso-oclusive crisis [19]. On day two 

of hospitalization, she developed a fever and was 

empirically started on ceftriaxone (50 mg/kg/day).  

Hemoglobin was stable at baseline and trended 

slowly down over five days at which time she 

received a packed RBCs infusion.  Twelve hours 

after her infusion she became unresponsive, 

transferred to the intensive care unit, and was thought 

to have had an acute transfusion reaction.  

Ceftriaxone was not given during this time and 

patient was transferred back to the general floor.  

Ceftriaxone was restarted and twenty minutes after 

the ceftriaxone infusion was started, she was found 

unresponsive and a code was called. Labs revealed 

severe anemia (Table 7). The patient was treated with 

corticosteroids, plasmapharesis, and intravenous 

immunoglobulin.  She had received ceftriaxone on 

multiple occasions prior to this admission. Serologic 

studies were completed four weeks after the event 

and revealed that the patient had made antibodies to 

 

 

 

Table 4:  Case 2 Serologies After Hemolysis 

Reaction
16 

 

Test  

(post hemolytic anemia episode) 

Results 

Direct antiglobulin test Strongly positive 

  Anti-IgG Negative 

  Anti-C3 Strongly positive 

Patient’s serum + ceftriaxone + 

fresh complement + ficin-treated 

RBC (patient’s) at 37C 

Strongly positive 

agglutination 

and antiglobulin 

test 

Patient’s serum + ceftriaxone + 

fresh complement + ficin-treated 

RBC (patient’s) at 37C + 

dithiothreitol 

Negative 

 

 

Table 5:  Case 3 Laboratory Results at Baseline 

and After Hemolysis Reaction
17,18 

 

 Baseline Post Reaction 

Hemoglobin (gm/dL) 7.3 <2 

Hematocrit (%) 23 10 

 
 

Table 6:  Case 3 Serologies After Hemolysis 

Reaction
17,18 

 

Test  

(post hemolytic anemia episode) 

Results 

Direct antiglobulin test Positive (3+) 

  Polyspecific antiglobulin reagent Positive 

  Anti-C3d Positive (1+) 

Patient’s serum + ceftriaxone at 

37C 

Positive (4+) 

Patient’s serum + ceftriaxone at 

37C + dithiothreitol 

Negative 

 

ceftriaxone but was negative for anti-IgM, which is 

unlike the majority of the cases presented earlier 

(Table 8).  
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 Table 7:  Case 4 Laboratory Results at Baseline and 

After Hemolysis Reaction
19 

 

 Baseline Post 

Reaction 

Hemoglobin (gm/dL) 8.6 0.4 

 

Table 8:  Case 4 Serologies After Hemolysis 

Reaction
19

 

Test  

(4 weeks post hemolytic anemia 

episode) 

Results 

Direct antiglobulin test  

  Anti-IgG Weak 

reactivity 
 

  Anti-C3d Weak 

reactivity 

  Anti-IgM Negative 

  Anti-IgA Negative 

Patient’s serum + ceftriaxone + 37C Strong 

agglutination 

  Antiglobulin test Weakly 

reactive 

Patient’s serum + ceftriaxone + 37C 

+ enzyme-treated RBCs 
 

Moderately 

hemolyzed 

  Antiglobulin test Strongly 

reactive 
 

 
Case 5 

A 5-year old Saudi male with SCD was admitted to a 

hospital with sepsis and vaso-occlusive crisis [20].  

Immediately after his first dose of ceftriaxone he 

developed an anaphylactic reaction consisting of skin 

rash, fever, chills, hypotension, and shock. It was 

reported that there was a rapid fall in hemoglobin and 

platelet counts, but the values were not reported. The 

patient experienced multi-organ failure and seizures, 

and he was eventually discharged in stable condition. 

He had never received ceftriaxone prior to this 

admission.  No serologic studies were completed; 

therefore the underlying mechanism of this case was 

not evaluated.   

Proposed Mechanisms of Ceftriaxone-Induced 

Hemolytic Anemia 

Drug-induced hemolytic anemia takes place when 

antibodies are directed against RBCs.    

Cephalosporins are known to interact with the RBC 

membrane without causing hemolysis by modifying 

it and causing non-immunologic protein adsorption 

[9,21]. This can exhibit as a positive direct 

antiglobulin test because the proteins bound to the 

RBC are of the IgG or complement nature.  This can 

potentially lead to hemolytic anemia via interaction 

of macrophages with these proteins. First generation 

cephalosporins are thought to cause hemolysis by 

IgG adsorbing to the RBC membrane and activating 

complements which leads to hemolysis [9,10]. 

Ceftriaxone appears to have a slightly different 

mechanism through an immune-complex reaction in 

which IgM antibodies are directed against ceftriaxone 

and cause erythrocyte destruction through 

complement activation [9]. In an analysis of 21 

patients by Garratty, ceftriaxone was the second most 

implicated drug behind cefotetan in causing drug-

induced immune hemolytic anemia [10].  All of these 

patients had received ceftriaxone previously and 

hemolysis was noted to begin 1 hour after receiving 

ceftriaxone.  Fatal hemolytic anemia occurred in 38% 

of the cases and the direct antiglobulin test was 

usually positive (all had RBC-bound complement and 

most had IgG as well).  Ceftriaxone antibodies were 

also usually detected. All patients, except for one, 

presented in this case series had received ceftriaxone 

on a prior occasion, with the majority having multiple 

exposures [15-20]. The reaction also took place 

several days (3-7 days) into the therapy 

predominantly in all of the cases.  The majority of the 

cases presented support the IgM antibody mechanism 

as evidenced by the serologic studies.  Since not all 

the cases reported the presence of IgM, there could 

be other mechanisms by which ceftriaxone induces 

hemolytic anemia. All of the results presented in the 

case reports are only related to IgM or IgG 

antibodies, therefore, allergic/anaphylactic reactions 

do not appear to be the cause. 
 

Treatment Options 

Treatment for drug-induced hemolytic anemia 

involves discontinuing the medication that may be 

the causative agent immediately [9,10].  If the 

hemolysis is severe, immediate transfusion of RBCs 

is indicated. Corticosteroids can also be used to 
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induce remission of antibody production, but this 

therapy has limited effect. Also, case reports that 

demonstrated the efficacy of corticosteroids were 

confounded by simultaneous discontinuation of the 

offending drug [22]. The majority of the case reports 

presented managed the patient with supportive care 

with packed RBCs and a couple used corticosteroids.  

In one case it was reported that intravenous 

hydrocortisone was used, and the other case only 

specified that high-dose corticosteroid was 

administered [16,19]. Although there is not any 

primary literature supporting the use of 

corticosteroids for drug-induced hemolytic anemia, 

there is evidence of using corticosteroids in warm-

reactive autoimmune-hemolytic anemia. This type of 

anemia is when IgG auto-antibodies coat autologous 

erythrocytes and induce erythrocyte destruction. 

Complement can also be involved, which is also a 

proposed mechanism of drug-induced hemolytic 

anemia, and this is the reason that corticosteroids 

may be helpful in ceftriaxone-induced hemolytic 

anemia [23]. Although our case reports support IgM 

and complement mechanism, IgG was found to be 

present in some of the patients. Treatment with 

corticosteroids for severe warm-reactive 

autoimmune-hemolytic anemia include intravenous 

methylprednisolone at 1-2 milligrams per kilograms 

every 6 hours for the first 24 to 72 hours and then 

transition to a total dose of 1-2 milligrams per 

kilogram per day of prednisone for two to four 

weeks.  The dose is then tapered over two to three 

months, and this regimen resulted in a response rate 

of nearly 80 percent [24]. Plasmapheresis and 

intravenous immunoglobulin dosed at 1 gram per 

kilogram were also used successfully in one case.
19

 

Intravenous immunoglobulin is a potent inhibitor of 

the reticuloendothelial system and therefore is 

thought to rid the body of the ceftriaxone-induced 

antibodies on RBCs [23]. 

A study conducted by Arndt and Garratty looked at 

antibodies associated with hemolytic anemia and 

found that cefotaxime showed a weak cross-reactivity 

with ceftriaxone’s antibodies by immune complex 

testing [25]. Therefore, cefotaxime can be a potential 

alternative antibiotic to ceftriaxone in pediatric 

patients with SCD admitted for infection. A review of 

literature indicates that cefotaxime has not been 

associated with the induction of hemolytic anemia.  

Cefotaxime is renally dose-adjusted, therefore, renal 

function should be monitored in these patients.  Usual 

dosages of cefotaxime is 100-200 milligrams per 

kilogram per day intravenously divided every six to 

eight hours in children with normal renal function 

from one month to 12 years of age and less than 50 

kilograms; and 1-2 grams intravenously every 6-8 

hours for children >12 years old or anyone more than 

50 kilograms [26]. Cefotetan should not be 

considered as an alternative agent, as it has also been 

implicated as having an increased risk of causing 

hemolytic anemia when compared to ceftriaxone 

[25].   

Conclusion 

Ceftriaxone-induced hemolytic anemia in pediatric 

patients is a very rare condition.  No clinical trials 

have been performed to evaluate what the true 

prevalence is, or to really delve into the mechanism 

underlying the reaction.  The majority of the cases 

are in pediatrics with an immunologic condition, 

SCD being the most prevalent.  This case series 

demonstrate that there is an association between 

administration ceftriaxone and hemolytic anemia.  

The cases demonstrate that this phenomenon 

predominantly occurs after multiple doses of 

ceftriaxone.  The potential mechanism in which 

ceftriaxone induces hemolytic anemia is through an 

immune-complex reaction with IgM mediated 

antibodies that induce erythrocyte destruction.  Based 

on the increasing case reports, ceftriaxone should be 

cautiously used in pediatric patients with SCD, even 

if the patient has been safely treated with ceftriaxone 

on a prior occasion.  Further studies are needed to 

look into other potential mechanistic cause of this 

adverse drug effect. 
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