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SUMMARY

Introduction: Agranulocytosis is a life-threatening disorder characterized by disappear-
ance of granulocytes from peripheral blood or decrease of peripheral neutrophil count 
below 0.5x109/l. It frequently occurs as idiosyncratic adverse drug reaction. It occurs es-
pecially in association with the use of antithyroid drugs, metamizole, aminopyrine and clo-
zapine. The patients usually present with severe acute infections and sepsis. With modern 
management of broad-spectrum antibiotics and hematopoietic growth factors (G-CSF) the 
prognosis has been signifi cantly improved.
Methods and results: We present 15 patients with drug-induced agranulocytosis, discuss 
the criteria for diagnosis, management and prognosis. Median patients age was 36 years 
(ranging from 25 to 61 years). The male/female ratio was 2/13. Underlying diseases were 
found in 10/15 (66.6%)  patients, consisting of hyperthyreosis in 7 (46.6%) patients, men-
tal disorders in 2 patients (13.3%) and in 1 (6.6%) patient suff ering from perianal fi stula. 
Nadir median neutrophil count was 0.3x109/l, range 0-0.5x109/l, hemoglobin was between 
104 and 128 g/L, anaemia was present in 6 (54.5%) patients, platelet count was between 
170 and 230x109/l. The treatment consisted of broad spectrum antibiotics, hematopoietic 
growth factor in 10,  and antimycotic fl uconazole in 3 patients. The outcome was favor-
able in 14 (93.3%) patients and 1 patient who had thyreotoxic crisis and agranulocytosis 
died. After 4 months, 1 (6.6%) patient, who had a complete recovery from agranulocytosis, 
developed an acute myeloid leukemia and died.
Conclusions: Drug-induced agranulocytosis is a rare haematological complication, with 
stable incidence and mortality rate of 5% to 10%. The responsible drug for agranulocytosis 
must be identifi ed, discontinued and permanently contraindicated.
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INTRODUCTION

Drug induced agranulocytosis (DIA), charac-
terized by neutrophil count below 0.5x109/l, 
is a dangerous adverse reaction that can be 
caused by almost all classes of medicaments. 

Th e overall incidence of non chemotherapy 
DIA ranges from 2.6 to 10 cases per million 
patients exposed to drug per year [1]. Patients 
with such a severe neutropenia may initially 
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be asymptomatic, although oft en proceed into 
severe life-threatening sepsis which can be fa-
tal [2]. Medications such as antithyroid drugs, 
ticlopidine, clozapine, cotrimoxazole, are cur-
rently the typical causes of agranulocytosis. 
Clinical characteristics of patients with DIA 
are febrility, chills, oropharingeal infection 
with ulcerations and severe infections such as 
pneumonia and sepsis. With appropriate man-
agement, the mortality rate is currently esti-
mated at 5–10% [3,4], but in elderly patients 
with comorbidities, the mortality rate can be 
still nowadays up to 20% [2,5]. 
 We report our experience based on 15 
patients with established criteria for agranulo-
cytosis, who were treated with broad-spectrum 
antibiotic therapy and hematopoietic growth 
factors which helped survival of 14 patients. 

METHODS AND RESULTS

In the study we analyzed clinical picture, labo-
ratory data and outcome of 15 patients diag-
nosed with DIA at the Clinic of Hematology, 
Clinical Center Serbia in ten years period from 
2006 to 2016 years. 
 Criteria for inclusion were neutrophil 
count below 0.5x109/l, presence of fever and/
or clinical signs of infection, onset of agranu-
locytosis during treatment or within 7 days in 
case of previous intake of the same drug and 
no clinical features and more than 1.5x109/l 
neutrophils in blood cell count, 1 month af-
ter drug discontinuation [4,6]. Th e exclusion 
criteria were: existence of history of congenital 
neutropenia or immune neutropenia, no his-
tory of recent viral infection, suppression of 
bone marrow by recent chemotherapy, radio-
therapy, and/or immunotherapy or develop-
ment of an underlying hematological or malig-
nant disease (infi ltration of bone marrow with 
malignant cells) [6,7]. All 15 patients fulfi lled 

the international criteria for DIA (4,5).
 We examined the following data: age; 
gender; clinical features; medical history and 
co-morbidities; clinical presentation; causative 
drugs, Nadir of white blood cell; bone mar-
row analysis; time to reach a neutrophil count 
exceeding 1.5x109/l (hematological recovery); 
use of hematopoietic growth factors (HGF), 
fi nal outcome, and mortality rate. All patients 
had negative serological tests for human im-
munodefi ciency virus, hepatitis B and C virus, 
Epstein-Barr virus, cytomegalovirus, and par-
vovirus B19.
 Median age of the study group was 36 
years (range 25–61 year). Th e male/female ra-
tio was 2/13. Underlying diseases were found 
in 10 (66.6%), consisting of hyperthyreosis in 
7 (46.6% patients), mental disorders in 2 pa-
tients (13.3%) and  1 (6.6%) patient suff ering 
from perianal fi stula who for pain relief was 
receiving metamizole as a causative drug for 
agranulocytosis. At admission the clinical pre-
sentation were isolated fever in 4 (26.6%) pa-
tients, documented pneumonia in 4 (26.6%), 
non systemic infections, sore throats and acute 
tonsillitis in 5 (33.3%) patients and a septic 
shock in 1 (6.6%) and 1 (6.6%) patient was as-
ymptomatic. Bacteriological examination was 
positive in one patient (Escherichia coli), the 
other one had Candida albicans infection in 
oropharyngeal cavity. Nadir median neutro-
phil count was 0.3x109/l, (range 0-0.5x109/l), 
hemoglobin level was between 104g/L and 128 
g/L and anaemia was present in 6 (40.0%) pa-
tients, platelet count was normal, ranging be-
tween 170 and 230x109/l. Bone marrow fi nd-
ings were available in all patients. Hypoplasia 
of granulocytic cells was found in 5 (33.3%) 
patients with cessation of myeloid precursor 
maturation, hyperplasia of granulocytic cells 
as sign of recovery in 5 (33.3%) patients, hy-
poplasia of granulocytic cells and megaloblas-
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Defi nition of agranulocytosis: Criteria of drug imputability

Neutrophil count <0.5 x 109/L ± existence of a 

fever and/or any signs of infection

Onset of agranulocytosis during treatment or within 
7 days of exposure to the drug, with a complete 

recovery in neutrophil count of more than 1.5 x 109/L 
within one month of discontinuing the drug

Recurrence of agranulocytosis upon re-exposure to the 
drug (this is rarely observed, as the high risk of mor-

tality contra-indicates new administration of the drug)

Exclusion criteria: history of congenital neutropenia 
or immune mediated neutropenia, recent infectious 
disease (particularly recent viral infection), recent 
chemotherapy and/or radiotherapy and/or immuno-

therapy* and existence of an underlying haematologi-
cal disease

Table 1. Criteria for idiosyn-
cratic drug-induced agranulo-
cytosis  [4-6]
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tic erythroid changes in 1 (6.6%) and normal 
bone marrow fi nding in 4 (26.6%) patients.
 Th e single causative drug was 
strengthened in 13 cases and in two patients 
two drugs were suspected as a cause. Th e dis-
tribution of causative drugs in this cohort of 
patients were as follow: antityreoid drugs tia-
mazol and propylthiouracil in 7 patients, met-
amizol in 2, clozapine in 2 and paracetamol 
in 2 patients, diclofenac and ibuprofen at the 
same time in 2 patients. 
 Before admission 8 (53.3%) patients 
were submitted to oral antibiotics but febrility 
continued in all. 
 Aft er admission all patients were im-
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mediately given broad-spectrum parenteral 
antibiotics, oft en piperacillin or cefotaxime in 
association with vancomycin and 3 patients 
were given antimycotic  difl ucan. Th e me-
dian duration of antibiotic therapy was 8 days 
(range 4–20). No patient required blood trans-
fusion. Th e median duration of hematological 
recovery (neutrophil count ≥1.5x109/l) was 8 
days (range 4-15 days). G-CSF administered 
subcutaneously in a fi xed dose of 300 μg/day, 
48 h aft er DIA was diagnosed in 10 (66.6%) 
patients until the neutrophil count became 
over 1.5x109/l. 
 Clinical and laboratory characteris-
tics of the patients are presented in Table 2.

Characteristic Number of cases

Gender male/female 2 /13

Median age 36 (range 25-61)

Median neutrophil count nadir (range) x109/l 0.3 (range 0-0.5)

Median duration of agranulocytosis days 7 (4-15) days

Outcome

recovery 14 (93.3%)

death 1 (6.6%)

Infection complications of agranulocytosis %

Asymptomatic neutropenia 1 (6.6%)

Isolated fever 4 (26.6%)

Documented pneumonia 4 (26.6%)

Nonsystemic infections, sore throats and acute tonsillitis 5 (33.3%)

Sepsis 1 (6.6%)

Bone marrow examination %

Normal 4 (26.6%)

Hypoplasia of granulocytic cells 5 (33.3%)

Hyperplasia of granulocytic cells 5 (33.3%)

Other abnormalities 1 (6.6%)

Medical history

History of adverse drug rection 3 (20.0%)

Infection preceding acute agranulocytosis 1 (6.6%)

History of any allergic reaction 0

Causative drugs of agranulocytosis

metamizole 2 (13.3%)

tiamazol 6 (40.0%)

propylthiouracil 1 (6.6%)

clozapine 2 (13.3%)

diclofenac, ibuprofen 2 (13.3%)

paracetamol 2 (13.3%)

Therapy for acute agranulocytosis

antibiotics 15 (100%)

G-CSF 10 (66.6%)

Table 2. Characteristics of pa-
tients with DIA
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 Th e outcome was favorable in 14 pa-
tients. Aft er 5 months 1 (9.09%) patient died 
from acute leukemia. Th is patient had perianal 
fi stula and severe pain. He was given metami-
zole for pain relief aft er which he developed 
severe agranulocytosis. His white blood cell 
count was 0x109/l. He was treated with broad 
spectrum antibiotics and G-CSF (which he 
received for 4 days). He completely recovered 
with normal white blood cells count but aft er 
4 months he became malaise, he got haemor-
rhagic syndrome, febrility and on hematologi-
cal survey an acute myeloid leukemia AML 
M2, Flt3/ITD +, NPM - was diagnosed. He 
died in aplasia 11 days aft er termination of in-
duction chemotherapy.

DISCUSSION

DIA is extremely rare life-threating condition 
with annual incidence 3 to 16 cases per million 
population per year [2,6,7]. Th e number of fa-
tal cases decreased during the last few decades. 
Th e main poor prognostic factors are: age over 
65 years, neutrophil count at diagnosis of 
<0.1x109/l, development of severe septicemia 
and septic shock, as well as pre-existing co-
morbidities such as diabetes mellitus, cardiac 
failure and renal impairment [4,8].
 Th e current defi nition of DIA is 
proposed by IAAAS and Benichu et al [6]. It 
is characterized by sudden onset and severe 
drop of neutrophil count below 0.5x109/l. All 
our patients fulfi lled criteria for agranulocyto-
sis, with median neutrophil count of 0.4x109/l 
with complete recovery of white blood cells 
and neutrophils in all 14 cases aft er removal 
of causative agent and the treatment [4-6]. Th e 
drugs that most frequently caused agranulo-
cytosis were changing during the time, from 
aminopyrine, pirazolone, anti-thyroid drugs 
to sulfasalazine, phenothiazines, semi-syn-
thetic penicillins, procainamid, non-steroidal 
anti-infl ammatory drugs, aminopyrine de-
rivatives, benzodiazepines, barbiturate, gold 
compounds, sulfonamides which are the most 
common causative agents of neutropenia and 
agranulocytosis in the world nowadays [9-13]. 
In our group of patients incriminated drugs 
were antithyroid medicaments, neuroleptics, 
analgetics, antipyretics and nonsteroidal anti-
infl ammatory agents. 
 Th e occurrence of agranulocytosis 
with the use of antithyreoid drugs was noticed 
soon aft er their introduction in the treatment 

of hyperthyreosis. Th e incidence of agranulo-
cytosis cased by propylthiouracil, methima-
zole and carbimazole is 0.1-0.37% of patients 
receiving this medication per year [12]. An-
tithyroid drug agranulocytosis oft en occurs 
during the fi rst 3 months of treatment, but it 
can occur even aft er a long period of treatment 
[10]. 
 Th e mechanisms of neutropenia and 
agranulocytosis may be immune mediated or 
can be the result of direct damaging eff ect of 
used drug on granulocytic cell line [13]. It may 
occur as an idiosyncratic reaction, most of-
ten secondary through diff erent mechanisms 
accelerating immune-mediated destruction. 
Some drugs act as haptens (aminopyrine, pen-
icillin, gold compaunds) inducing antibody 
formation against neutrophils [13,14]. Circu-
lating immune complexes may be formed and 
bind to neutrophils causing their destruction 
[13]. Clozapine is an example of drug which 
accelerates the process of apoptosis of neutro-
phils, not directly, but rather aft er bioactiva-
tion and formation of reactive nitrenium ion 
[15] which covalently binds to cellular proteins 
and induces neutrophil cell toxicity. Beta-lac-
tam antibiotics at high concentrations induce 
inhibition of growth of colony-forming units 
of granulocytes and macrophages [16]. Ticlo-
pidine acts over direct reversible cytotoxity for 
hemopoietic progenitor stem cells [17]. Th ere 
are some drugs for which genetic risk factors 
have been recently identifi ed. Genetic analysis 
of human leukocyte antigen genotyping and 
genome-wide association study in patients 
with antithyroid drug-induced agranulocyto-
sis demonstrated presence of two independent 
susceptibility loci HLA-B*38:02 and HLA-
DRB1*08:03 as the major genetic determinants 
of those patients [18]. In white European pop-
ulation, antithyroid drug-induced agranulo-
cytosis was associated with HLA-B*27:05 and 
with other single nucleotide polymorphisms on 
chromosome 6. In the future, carriers of these 
variants could be off ered alternative treatment 
for hyperthyroidism [19]. Th is results could be 
useful for antithyroid DIA and potentially for 
agranulocytosis caused by the other drugs.
 Th e clinical characteristics of agranu-
locytosis in our cohort of patients was similar 
to other series [2,20]. Our patients had less 
severe infections, like septicemia, septic shock 
probably due to early antibiotic therapy before 
hospitalization. Th at might also be the reason 
that all our patients survived. It should also be 
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et al. Idiosyncratic Drug-Induced Severe Neutro-
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years): A Monocentric Cohort Study of 61 Cases. 
Drugs - Real World Outcomes 2016,3; 393–9. PMID: 
28160479 doi:10.1007/s40801-016-0091-4

6. Bénichou C, Solal-Celigny P. Standardization of 
defi nitions and criteria for causality assessment 
of adverse drug reactions. Drug-induced blood 
cytopenias: report of an international consensus 
meeting. Nouv Rev Fr Hematol. 1991;33:257–62. 
PMID:1956763
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Pharmacoepidemiol Drug Safety 1993;2:525-9. DOI: 
10.1002/pds.2630020706

8. Ibáñez L, Sabaté M, Ballarín E, Puig R, Vidal X, 
Laporte JR. The Agranulocytosis and Aplastic Anae-
mia Study Group of Barcelona. Use of granulocyte 
colony-stimulating factor (G-CSF) and outcome in 
patients with non-chemotherapy agranulocytosis. 
Pharmacoepidemiol Drug Safety 2008;17: 224–8.
PMID:18181220 doi: 10.1002/pds.1542.

9. Andres E, Maloisel F , Zimmer J. The role of 
haematopoietic growth factors granulocyte colony-
stimulating factor and granulocyte-macrophage 
colony-stimulating factor in the management 
of drug-induced agranulocytosis. Br J Haematol 
2010;150:3-8. PMID:20151980 doi: 10.1111/j.1365-
2141.2010.08104.x

10. Sun MT, Tsai ChH, Shih KCh. Antithyroid drug-in-
duced agranulocytosis. Case report. J Chin Med As-
soc 2009;72:438-41. PMID:19687001 doi: 10.1016/
S1726-4901(09)70402-2. 

11. Tamai H, Takaichi Y, Morita T, Komaki G, et al. 
Methimazole–induced agranulocytosis in Japanese 
patients with Graves’ disease. Clin Endocrinol 
(Oxf)1989;30:525-30. PMID:2605789 doi: 10.1111/
j.1365-2265.1989.tb01424.x 

12. Nakamura H, Miyauchi A, Miyawaki N, Imagawa 
J. Analysis of 754 cases of antithyroid drug-induced 
agranulocytosis over 30 years in Japan. J Clin Endo-
crinol Metab 2013;98:4776-83. PMID:24057289 doi: 
10.1210/jc.2013-2569.

noted that our study group was young (median 
age 36 years) and without serious comorbidi-
ties like diabetes mellitus, rheumatic disease, 
cardiac failure or respiratory insuffi  ciency. 
 Th e most common site of infections 
in DIA are mucous membranes, oral cavity, 
presenting as oral ulcerations, pharyngitis, 
ulceronecrotic pseudomembrane angina, oe-
dema of regional lymph nodes and swelling. 
Manifestations of infection on the skin are 
rash, ulcerations and abscesses. Perirectal in-
fection are also common. Systemic infections 
of lungs and genitourinary tract may be fatal 
if they spread to blood stream. A jaundice, 
as a sign of septic hepatitis, is a very serious 
complication announcing fatal outcome. But 
in modern time the treatment of infections as 
early as possible with broad spectrum antibi-
otics and G-CSF reduces the risk of fatal out-
come. Th e pathogens causing infections are 
bacteria, but also fungi were increased in in-
cidence in the last years. Infected patients may 
develop toxic shock with fever, hypotension, 
diff use rash and respiratory distress syndrome 
with fatal outcome.

CONCLUSION

In conclusion, in the occurrence of neutro-
penia, febrility, and signs of infl ammation 
during any drug treatment a DIA should be 
immediately considered. Any drug as a pre-
sumed causative agent should be discontinued 
for ever. Management of bacterial and fungal 
infections with broad spectrum antibiotics 
and hematopoietic growth factors may reduce 
mortality, enable complete hematological re-
covery and reduce days of hospitalization. A 
numerous medicaments are emerging as pos-
sible causative agents of DIA so that every 
medication should be closely followed up and 
in the case of neutropenia or DIA it must be 
removed for ever.
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KRATAK SADRŽAJ

Uvod: Agranulocitoza je po život opasni poremećaj koji se karakteriše iščezavanjem 
granulocita iz periferne krvi ili smanjenjem broja neutrofi la u perifernoj krvi ispod 
0.5x109/l. Obično se dešava kao idiosinkratična reakcija na lekove, naročito antitir-
eoidne lekove, metamizol, aminopirin i klozapin. Akutna infekcija i sepsa su najčešći 
oblici kliničke prezentacije ove bolesti.
Metode i rezultati: Autori prikazuju 15 bolesnika sa agranulocitozom izazvanom leko-
vima i razmatraju kriterijume za postavljanje dijagnoze, lečenje i prognozu bolesti. 
Srednja starost naših bolesnika bila je 36 godina (raspon 25-61). Bila su 2 muškarca i 
13 žena. Osnovna bolest postojala je kod 10/15 (66.6%) bolesnika i to, hipertireoza 
kod 7 (46.6%), mentalni poremećaji kod 2 (13.3%) bolesnika dok je 1 (6.6%) bole-
snik bolovao od perianalne fi stule. Srednji broj neutrofi la bio je 0.3x109/l, raspon 
0-0.5x109/l, hemoglobin je bio između 104 i 128 g/L, anemija je postojala kod 6 (40%) 
bolesnika a trombociti su se kretali između 170 i 230x109/l. Lečenje se sastojalo u 
davanju antibiotika širokog spektra kod svih bolesnika, hematopoetskog faktora rasta 
kod 10, i antimikotika fl ukonazola kod 3 bolesnika. U 14 (93.3%) bolesnika postignut 
je kompletan oporavak a 1 bolesnica sa tireotoksičnom krizom i agranulocitozom je 
umrla. Posle 4 meseca 1 (6.6%) bolesnik, koji se inače potpuno oporavio od agranuloci-
toze, razvio je akutnu mijeloidnu leukemiju od koje je završio letalno.
Zaključak: Agranulocitoza izazvana lekovima je retka hematološka komplikacija sa 
stabilnom incidencom i smrtnošću od 5% do 10%. Lek odgovoran za agranulocitozu 
mora biti identifi kovan i trajno uklonjen iz bilo kakve dalje terapije. Savremenim 
lečenjem antibioticima širokog spektra i hematopoetskim faktorom (G-CSF) prognoza 
bolesti je značajno poboljšana.

Ključne reči: agranulocitoza, idiosinkrazna reakcija, infekcija, hematopoetski faktori 
rasta
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