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Abstract 

Introduction: Agranulocytosis is a severe form of neutropenia that leads to a high risk of 

serious infections. The aim of this study was to collect and characterise patients who had 

experienced drug-induced agranulocytosis. The primary hypothesis was that the time to 

onset of agranulocytosis differs between drug groups. The secondary hypothesis was that 

the time to onset differs between men and women. The third hypothesis was that the risk of 

agranulocytosis differs between drug groups. 

Methods: Patients with an agranulocytosis reported to the Medical Products Agency 1992-

2012 were contacted and interviewed. Additional information was obtained from the 

reports and in some cases from medical records. The population was divided into four 

groups according to the suspected causative agent.  

Results: Ninety-seven patients, out of 597 available, were recruited and the main drugs were 

sulfasalazine, anti-thyroid drugs and antibiotics. There was a significant difference in time to 

onset between sulfasalazine, anti-thyroid drugs and antibiotics, but not between men and 

women. The incidence of agranulocytosis was significantly higher in patients treated with 

anti-thyroid drugs than with sulfasalazine, when the number of reports was compared with 

the number of patients exposed to the drug. 

Conclusion: The difference in time to onset suggests that the mechanism for development of 

agranulocytosis differs between drug groups, but not between men and women. The higher 

incidence of agranulocytosis with anti-thyroid drugs compared with sulfasalazine might 

however be explained by how closely the patients are followed in the clinic and different 

traditions for when to report an adverse drug reaction.  
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Populärvetenskaplig sammanfattning  

Agranulocytos är en allvarlig läkemedelsbiverkan då de vita blodkropparna minskar i antal. 

Detta gör att den drabbade blir infektionskänslig vilket kan ha allvarliga konsekvenser. Vad 

som orsakar agranulocytos och vad som avgör vem som drabbas är till stor del okänt. Målet 

med denna studie var att inhämta information om och beskriva denna patientgrupp samt att 

undersöka om det finns skillnader i utvecklingen av agranulocytos mellan olika typer av 

läkemedel.  

För att hitta patienter som drabbats av agranulocytos gjordes en sökning bland 

biverkningsrapporter som inkom till Läkemedelsverket 1992-2012. Patienter som 

accepterade att vara med i studien intervjuades per telefon och vid behov inhämtades 

ytterligare information om händelsen från patientens journal. Patienterna delades upp i 

grupper utefter vilka läkemedel som misstänktes ha orsakat biverkan så de kunde jämföras 

mot varandra.  

Totalt 97 patienter ingick i studien. De vanligaste misstänkta läkemedlen var sulfasalazin (ges 

vid autoimmuna sjukdomar som ledgångsreumatism och inflammatorisk tarmsjukdom), 

tyreostatika (ges vid överaktiv sköldkörtel) och antibiotika. Patienter som tagit antibiotika 

utvecklade agranulocytos snabbast följt av tyreostatika medan det tog längst tid för 

patienter som behandlats med sulfasalazin. Det var ingen skillnad i hur fort antalet vita 

blodkroppar minskade mellan män och kvinnor. Risken att få agranulocytos var större för de 

som tagit tyreostatika jämfört med de som tagit sulfasalazin. 

Sammanfattningsvis visade studien att risken för att utveckla agranulocytos och hur lång tid 

det tog varierade mellan läkemedel. Dock gav studien inga svar på vad dessa skillnader beror 

på varför mer forskning behövs för att minska risken för denna allvarliga 

läkemedelsbiverkan.   
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Introduction 

Definition of agranulocytosis 

Agranulocytosis is a severe form of neutropenia with a high risk of infection that is 

potentially fatal[1]. Agranulocytosis is diagnosed by a white blood cell count of less than 500 

neutrophil granulocytes per microliter (μL), i.e. <0.5 × 109cells per litre[1]. Neutrophil 

granulocytes are normally the most abundant white blood cells[2]. In normal hematopoeisis, 

they are developed from myeloblasts together with basophil and eosinophil granolocytes 

and monocytes (Figure 1). Neutrophil granulocytes form an essential part of the immune 

system[1]. During the acute phase of an inflammation, particularly a bacterial infection, 

neutrophils migrate towards the site of inflammation and act as phagocytes capable of 

ingesting microorganisms. Lack of neutrophil granulocytes makes an individual highly 

susceptible to infections, and usually, but not always, leads to symptoms like fever, sore 

throat, chills and severe deep infections[3]. 

Figure 1. Schematic representation of human hematopoiesis[4]. 
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Acute agranulocytosis was shown to be drug-related in 97 % of all cases in a study in 

Berlin[5]. Having said that, there are still a few differential diagnoses to consider. In practice, 

the most relevant differential diagnoses are: 

1. Neutropenia secondary to severe bacterial infections especially sepsis, or viral 

infections 

2. Neutropenia appearing as the first manifestation of a bone marrow failure syndrome 

such as myelodysplastic syndrome 

3. Neutropenia associated with hypersplenism[3] 

 

Definition of adverse drug reactions 

All drugs have effects apart from the desired effects, so called adverse drug reactions (ADRs). 

The World Health Organisation (WHO) defines an ADR as  

A response to a drug which is noxious and unintended and which occurs at doses normally 

used in man for prophylaxis, diagnosis, or therapy of disease or for modification of 

physiologic function[6]. 

New drugs are approved on the basis of clinical trials that involve relatively small numbers of 

selected patients, which means that rare adverse effects may not come to light until the 

drug is released to the general population [7]. In addition, other unforeseen effects may 

appear when patients with a wider variety of medical conditions are treated. Post marketing 

surveillance, also called pharmacovigilance, is therefore necessary to monitor the safety of 

drugs after they have been released on the market. 

The Swedish system of reporting adverse effects was established in 1965 after the 

thalidomide catastrophe, which led to 10,000 children in 46 countries being born with 

deformities such as lack of limbs, after their mothers had taken thalidomide for morning 

sickness during early pregnancy[8]. Swedish ADR reports are sent to the Medical Products 

Agency (MPA), which is located in Uppsala. Nurses, dentists and pharmacists are all included 

in the group of professionals that are asked to report ADRs, but most of the reports are 

produced by physicians. Reporting of suspected ADRs has been compulsory since 1975 for 
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fatal and other serious or new reactions[9]. However, recently the law has been changed 

and a wider range of ADRs should now be reported. According to the MPA: 

A person who has a business in the area of health care should report all suspected ADRs to 

the Swedish MPA as soon as possible. Even ADRs that have correlation to occupational 

exposure should be reported.(LVFS 2012:14, 19§)[10] 

 

Drug-induced agranulocytosis 

ADRs can be divided into two groups, type A and type B[11].Type A depends on a drug’s 

pharmacologic, physiologic or chemical effects and is thus dependent on the dose of the 

drug. Type B is often idiosyncratic or immunologic and usually independent of the dose of 

the drug. Agranulocytosis is an example of a type B reaction that can be caused by many 

different types of drugs. For chemotherapeutic agents, the cytotoxic mechanism is known 

and to a certain extent desired. Agranulocytosis due to chemotherapy is therefore usually 

not included when discussing drug-induced agranulocytosis[12]. The mechanism behind 

agranulocytosis caused by other drugs is in most cases not yet known, and until today there 

is no specific clinical or biological marker that can predict the risk of this severe ADR.  

Two types of drug-induced agranulocytosis have been distinguished, the immune type and 

the toxic type[13]. The former is mediated by drug-dependent antibodies and leads to rapid 

destruction of mature circulating granulocytes. The latter is caused by impaired cell 

production in proliferative compartments of the bone marrow. The distinction between the 

two is however an oversimplification and many drugs cannot clearly be allocated to one or 

the other of these mechanisms[12]. 

Agranulocytosis is reported to occur in 5-7 cases/million inhabitants/year in Sweden. In 

Europe, the annual incidence of idiosyncratic drug-induced agranulocytosis is 1.6-9.2 

cases/million inhabitants[3]. However, there is a constant underreporting of ADRs. Even for 

serious ADRs, a study in northern Sweden found that only 14 % of the cases were reported 

to the MPA [14].For agranulocytosis caused by sulfasalazine the reporting rate was better 

with 50 % of the cases being reported according to spontaneous reporting versus a case-

control study in the 1980s[9]. The incidence of agranulocytosis is somewhat more frequent 
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in women and increases with age. This is mainly due to women consuming more drugs than 

men and the fact that older people need more drugs. If the correct diagnosis and treatment 

is given, the neutrophil granulocytes are usually normalized within three weeks. Even so, 

agranulocytosis can, as already mentioned, be fatal. The mortality rate has decreased to 

about 5 % in recent years probably thanks to improved intensive care treatment and 

increased alertness of physicians of this severe ADR[15]. Agranulocytosis is rarely noticed 

within the first week of drug use, if the patient has not been exposed to the substance 

before. It usually appears during the second to the twelfth week, but can occur even after 15 

weeks of treatment[11]. 

 

Drugs with a high incidence of agranulocytosis 

More than 200 different drugs are thought to be able to cause agranulocytosis [11]. It is not 

unusual that a patient has been treated with more than one drug that may give this reaction, 

which complicates matters for health care professionals. 

The drugs that were most frequently reported to cause agranulocytosis in a study in Spain 

were antithyroids, clozapine, pyrithyldione, beta-lactam antibiotics, cefipime, trimethoprim 

sulfametoxazole, sulfasalazine, vancomycin, intravenous immunoglobulins, dipyrone, 

calcium dobesilate and retuximab[16]. According to a population-based case-cohort study 

from the Netherlands, methimazole, sulfasalazine and trimethoprim-sulfamethoxazole were 

responsible for 42 % of all cases of drug-induced agranulocytosis 1987-1990[17]. 

Sulfasalazine– Introduced in Sweden in 1945 for treatment of inflammatory bowel disease 

(IBD) and later on also for rheumatoid arthritis (RA)[9].The most common side effects are 

from the gastro-intestinal canal or headache [18]. The risk for agranulocytosis is estimated to 

be 1/2400 during the first month of treatment, 1/700 during the second and third month 

and 1/11200 after more than three months of treatment[9]. 

Anti-thyroid drugs – During the 1940s propylthiouracil, methiazole and carbimazole came 

into use for the treatment of hyperthyroidism and before long they were recognized as 

causes of agranulocytosis[19]. The risk is estimated to be about 1/10 000[20]. 
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Beta-lactam antibiotics– This is the most important group of antibiotics and includes 

penicillines, cephalosporines, monobactamer and carbapenemes[21]. 

 

Aims 

As the pathogenesis of drug-induced agranulocytosis is poorly understood, a study in which 

patients with drug-induced agranulocytosis were collected and characterised. The aim of this 

project was to compare clinical and demographic characteristics  between patients taking 

different types of drugs. Significant differences in such variables could reveal mechanistic 

differences behind the occurrence of agranulocytosis. As time to onset and sex ratio has 

previously been suggested to differ between drug groups, these variables were set in focus. 

The incidence of drug-induced agranulocytosis for different drug groups was also estimated. 

The project was part of the SWEDEGENE project, the overall aim of which is  to establish a 

database of clinical data and a biobank of DNA from up to about 200 cases of specific ADRs, 

in total up to 4,000 cases, to facilitate studies of genetic causes of ADRs[22]. 

 

Hypothesis 

The primary hypothesis was that there is a difference in the time from the start of treatment 

to onset of agranulocytosis between drug groups. 

The secondary hypothesis was that there is a gender-related difference in time to onset of 

agranulocytosis since agranulocytosis appears to be more common in women. 

The third hypothesis was that there is a difference in the incidence of agranulocytosis 

between drug groups. 
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Methods 

Collection of cases 

Patients with agranulocytosis were identified in the Swedish national database of spontaneously 

reported ADRs, the Swedish Drug Information System (SWEDIS). SWEDIS is kept and maintained 

by the Swedish Medical Products Agency (MPA) and contains reports of ADRs sent by Swedish 

health care professionals since 1965 [23]. SWEDIS now contains over 100,000 reports of 

suspected ADRs. The current project is part of a larger project called SWEDEGENE conducted by 

Uppsala University, the MPA and Karolinska Institutet.  Approval for the SWEDEGENE project has 

been received from the Uppsala Regional Ethical Review Board (EPN Uppsala Dnr 2008/213 and 

Dnr 2010/231). SWEDEGENE complies with Sweden’s Data Inspection Board regulations, Personal 

Data Act, and has Biological Specimen Banks (Biobanks) approval. Genome-wide association 

studies are undertaken where genetic data from patients with ADRs are compared with genetic 

data from 5,000 unrelated population controls from the Swedish Twin Registry as well as treated 

controls[22]. 

In the current project, reports of suspected agranulocytosis caused by all kinds of 

drugs except chemotherapy during 1992-2012 were extracted from SWEDIS. The 

original reports, which are stored in a large archive in the basement of the MPA, were 

retrieved, scanned and registered in a database used for this project. See Box 1 for 

criteria for valid cases. 

 

BOX 1.  

INCLUSION CRITERIA 
 Absolute neutrophil count <0.5 * 109/L (<500 per µL) during therapy with the suspected drug or within 7 days of stopping it.  

 Complete recovery after cessation of the drug with absolute neutrophil count >1.0 * 109/L (>1000 per µL) or a compatible 

bone marrow aspirate or biopsy. This may be relaxed to show evidence of recovery where available.  

 Causality assessment according to the WHO algorithm of at least possible. 

 Age ≥ 18 years and ability to give informed consent. 

EXCLUSION CRITERIA 
 Recent chemotherapy, radiation therapy (within one month of ADR onset) or previous hematopoietic stem cell (bone 

marrow) transplantation.            

 Ongoing infectious diseases: EBV, viral hepatitis A, HIV, CMV, parvovirus B19 or other infection affecting bone marrow (e.g. 

preceding sepsis, miliar tuberculosis). 

 Chronic neutropenias (congenital cyclic, idiopathic). 

 Immunosuppressive therapy with cytotoxic drugs. 

 Malignant infiltration of bone marrow. 

 Hematological diseases (e.g. myelodysplasia, aplastic anemia, pancytopaenia, other blood dyscrasias, e.g. hemoglobin ≤100 

g/L and platelets ≤100* 109/L). 

 Systemic lupus erythematosus. 
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This project describes the whole procedure of patient collection and interviewing within the 

SWEDEGENE project (Figure 2).  The genetic analyses and the statistical evaluation of the genetic 

results are not part of this project.  

The procedure was as follows. First, basic information about the patient was collected from the 

Swedish Tax Agency to make sure that the patient was still alive. This was necessary since the 

ADR could have occurred up to 20 years ago and the patient could have been old or very ill 

already back then. It was also checked that the patient did not live in a special accommodation, 

e.g. a house for people with dementia, since that would make it impossible or difficult for him/her 

to participate in the study. If the patient was found alive and had their own accommodation 

according to the Swedish Tax Agency, an effort was made to find the current location of the 

reporter, which usually was a doctor. It was necessary to find the reporter or a representative of 

the reporter (see below) to ask whether the patient could be contacted or not, since the patient 

might not always have been informed of the ADR report. The reporter’s current workplace was 

found in either the Swedish Health registry or the Caregiver’s address registry [24] or through 

searching physician/hospitals websites on the internet. As physicians have a tendency to change 

workplaces relatively often, it was sometimes was very difficult to locate them. In case the 

original reporting physician could not be reached, an attempt was made to contact another 

physician involved in the care of the patient during the reported ADR. Alternatively, the head of 

the reporting clinic was contacted. A letter was sent to the reporter or a representative asking 

kindly to return the letter after ticking a box for either “yes, the patient can be contacted”, “no, 

the patient should not be contacted” or “I don´t know”. If the person who had received the letter 

did not return it within two weeks he/she was contacted by phone and once again asked whether 

the patient could be contacted.  

Once a reporter or a representative had approved that we could contact the patient, a letter with 

brief information about the project was sent to the patient. The patient was contacted by phone 

two weeks later and received more information about the project, and asked whether he/she 

would like to participate or not.  If the patient agreed to take part in the project, an informed 

consent form was sent together with a study kit containing everything necessary to acquire blood 

samples. At the same time the patient was sent a questionnaire (Appendix no.1) about their 

medical history, environmental factors and drug treatment. A date was set together with the 

patient for a phone-interview. The patient was asked to look through the questionnaire before 
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the interview so that he/she could think through questions that might be difficult to answer. The 

patient then sent in the signed informed consent form. 

At the agreed time, the patient received a second phone call. The patient was reminded about 

the informed consent form if this had not been sent in. The consent form included consent for 

release of the patient’s medical records to the investigators if necessary to assess the case, and a 

consent to donate blood samples from which DNA was extracted and used for genetic studies. 

During the interview, the questionnaire was completed and the patient was also reminded to 

have the blood sample taken. When everything had been completed and the blood samples had 

arrived at the hospital, a gift voucher for flowers was sent to the patient to thank him/her for 

taking part in the project.  

The questionnaire and the blood tubes were marked with a unique code for each patient. 

After all relevant clinical data had been received and reviewed they were entered into a 

study database where the patient was identified by the same code. Data included were the 

drug suspected as the cause of the ADR, the indication for which this drug was prescribed, 

concomitant drugs, the patient’s age and gender, and all information acquired through the 

questionnaire. Subsequently, DNA was extracted from one of the blood tubes from each 

patient and then stored at Uppsala University Hospital at -70°C while awaiting analysis. 

When a sufficient number of cases had been acquired they were analysed at our 

department’s SNP and SEQ platform with the Illumina Omni 2.5M array, which contains 2.3 

million genome-wide markers. However, the genetic analyses are not within the scope of 

this project. 
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GenotypePhenotype

BIV 2003-10 

Datum  Biverkningsrapport 
Rapportörens namn Patient (efternamn, förnamn, personnummer) 

Titel  

Adress  

Telefon 

 Man  Kvinna 
Biverkningens diagnos  Datum då biverkningen uppträdde 

Grundsjukdom 

 
Förlopp (eller kopia av epikris inkl. labdata) 
 

  

Följder av biverkan: Biverkan har medfört: 

 Okänt  Ännu ej tillfrisknat  Patienten avled  Sjukhusvistelse  Förlängd sjukhusvistelse 

 Tillfrisknat utan men  Livshotande reaktion Dödsorsak:  Intensivvård  Sjukskrivning 

 Återställd med funktionsnedsättning Datum:   Inget av ovanstående 

   

Upphörde reaktionen vid 

utsättning? 

Återkom reaktionen  

vid återinsättning? 
Tidigare läkemedelsreaktioner: 

 Ja  Okänt  Ja  Okänt  

 Nej  Ej utsatt  Nej  Ej återinsatt  

     

Misstänkt läkemedel/preparat 

(för vacciner även batchnr.) 

Läkemedelsform/likn 
Dosering 

Behandlingens 

varaktighet Indikation  
(om annan än grundsjukdom) 

Form Styrka Fr.o.m. T.o.m. 

       

       

       

       

Övriga läkemedel/preparat  Inga andra läkemedel/preparat  

 

 

 

 

   

Bilagor: 
 Journalanteckning 
 Epikris 

  
 Lablista 
 Läkemedelslista 

Blanketten insändes till regionalt biverkningscentrum. För adress, se 
Läkemedelsverkets webbplats www.mpa.se eller FASS. 

 

Swedegene

www.swedegene.se  

Figure 2. Schematic presentation of the data-collection. 

 

Estimation of the incidence of drug-induced agranulocytosis 

For the most commonly reported drugs, the National Board of Health and Welfare was 

contacted to get information about how many unique patients that were treated with each 

drug 2006-2012[25]. 

 

Statistical analyses 

Descriptive statistics are presented as mean values and range for continuous variables, and 

as proportions for categorical variables. Differences in time to onset of agranulocytosis 

between drug-groups and gender-related difference were assessed with one-way ANOVA 

and t-test. Differences between drug groups in the incidence of agranulocytosis were 

calculated with Fisher’s exact test and expressed as relative risk (RR) with 95% confidence 

interval (CI).  
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Results 

A total of 597 cases of agranulocytosis were reported between 1992 and 2012, and women 

accounted for 57 % of the cases. Out of the 597 cases, 97 patients that fulfilled all inclusion 

and exclusion criteria for drug induced agranulocytosis were included in this study. That 

means that 84 % of the patients were not able to participate in this study. The most common 

reasons for not taking part were that: a) The patient had passed away, b) It was not possible 

to find the reporter, c) The reporter could not give his/her opinion on if it was possible to 

contact the patient, d) According to the reporter it was not appropriate to contact the 

patient, e) The patient did not answer phone calls/reply to letters, f) The patient refused to 

participate, g) The patient was too ill, could not give his/her consent, lived in a special 

accommodation, h) The patient was less than 18 years old, i) The address to the patient 

could not be found/protected address, j) The original report had disappeared from the 

archive of the MPA, k) The diagnoses turned out not to be agranulocytosis. 

The 97 patients taking part in this study had consumed a variety of drugs, which were 

divided into four groups. Group number 1 contained 28 patients who had taken sulfasalazine. 

Group number 2 (25 patients) had all been treated for hyperthyroidism with either 

thiamazole or propylthiouracil. Group number 3 (25 patients) had suffered from 

agranulocytosis induced by different types of antibiotics. Group number 4 included the 

patients who had taken all other kinds of drugs, which was in total 19 patients. Age is 

entered into the database in 5 year intervals, therefore the ages in the tables are not exact. 

The lowest age range was 15-19 years, however no patients under the age of 18 were 

recruited.   

 

Group 1 – Sulfasalazine 

Group number 1 comprised 15 women and 13 men aged 15 to 84 with a median age of 54.5 

years that had been treated with sulfasalazine (Table 1). They reported taking 0-13 drugs 

(median 2) concomitantly with the suspected drug. Eleven patients (39 %) had been treated 

for rheumatoid arthritis (RA), 7 patients (25 %) for inflammatory bowel disease (IBD), 5 

patients (19 %) for psoriasis arthritis , 3 patients for spondyloarthritis and one each for 
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Sjögren’s syndrome and unspecified arthritis. As concomitant diseases, seven of the patients 

(25 %) reported having allergies, 4 (14 %) had hypertension and 4 (14%) had thyroid disease, 

and 4 (14 %) had dermatological diseases (excluding those treated for psoriasis arthritis 

which was an indication for taking sulfasalazine).  

Table 1. Characteristics of the 28 patients with sulfasalazine-associated agranulocytosis. 

Patient characteristics   Number Frequency 

Main suspected drug Sulfasalazine A07EC01 28 100% 

Age, range (median)# 15-84 (54.5)    

Gender Female 15 54% 

  Male 13  46% 

Smoking Yes 5 18% 

  No 23 82% 

Concomitant drugs, number (median) 0-13 (2)    

Other suspected drugs Naproxen 1 4% 

  Cefadroxil 1 4% 

  Etanercept 1 4% 

Indication for the main suspected drug Rheumatoid arthritis (RA) 11 25% 

  Inflammatory bowel disease (IBD) 7 18% 

 Psoriasis arthritis 5 39% 

  Spondyloarthritis 3 4% 

  Sjögren’s syndrome 1 11% 

  Unspecified arthritis  1 4% 

Concomitant diseases Allergies 7 25% 

  Asthma 1 4% 

  Cancer 2 7% 

  Coronary heart disease 1 4% 

  Dermatologic disease* 4 14% 

  Diabetes 1 4% 

  Gallstone 1 4% 

  Gastro-intestinal ulcer 1 4% 

  Hypertension 4 14% 

  Kidney stone 2 7% 

  Other joint problems* 2 7% 

  Other nervous system disease 1 4% 

  Rheumatoid arthritis* 2 7% 

  Thyroid disease 4 14% 

*Where this diagnosis was not the main indication for treatment. 
#No patients below the age of 18 were recruited. However, 18 year olds are entered in the range 15-19 
years. 
 

Twenty-three of the patients (82 %) had been taking a dose of 2.0 g sulfasalazine per day 

(Table 2). The median treatment time before the start of the agranulocytosis was 46.5 days 

(range 0-1800), and in most cases it occurred during the second month of treatment (71%). 

Eleven of the patients (39 %) had a lowest neutrophil count of 0 cells/μL, 11 (39 %) had 1-

100 cells/μL and the rest of the patients had >100 cells/μL. Twenty-five patients (89 %) 

reported fever as a symptom of agranulocytosis and 22 (79 %) reported a sore throat.  
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Table 2. Description of the ADR sulfasalazine-associated agranulocytosis. 

Description of the ADR   Number Frequency 

Dose of the suspected drug    

Sulfasalazine 2,0 g/day 23 82% 

  2,5 g/day 1 4% 

  Unknown 4 14% 

Time to onset, range (median) 0-1800 (46.5)    

 Time to onset, days 11-20 1 4% 

  21-30 3 11% 

  31-40 6 21% 

  41-50  6 21% 

  51-60 8 29% 

  >61 3 11% 

Neutrophil count (cells/uL) 0 11 39% 

  1-100 11 39% 

  101-200 2 7% 

  201-500 4 14% 

Fever Yes 25 89% 

  No 1 4% 

  Unknown 2 7% 

Sore throat Yes 22 79% 

  No 4 14% 

  Unknown 2 7% 
 

              

                

Group 2 – Anti-thyroid drugs 

Group 2 contained 24 women and 1 man aged 15-64 with a median age of 42.5 years treated 

with anti-thyroid drugs (Table 3). They had taken 0-4 drugs (median 2) together with the 

suspected drugs. The drugs suspected to induce agranulocytosis were for 21 patients (84 %) 

thiamazole and for 4 patients (16 %) propylthiouracil. The indication for taking these drugs 

was in all 25 cases (100 %) hyperthyroidism. Apart from hyperthyroidism, 16 patients (64 %) 

reported having allergies, 6 patients (24 %) had dermatological diseases and 4 patients (16 %) 

suffered from asthma.  

Table 3. Characteristics of the 25 patients with anti-thyroid-associated agranulocytosis. 

Patient characteristics   Number Frequency 

Main suspected drug Thiamazole H03BB02 21 84% 

  PropylthiouracilH03BA02 4 16% 

Age, range (median)# 15-64 (42.5)    

Gender  Female 24 96% 

  Male 1 4% 

Smoking Yes 4 16% 

  No 21 84% 

Concomitant drugs, number (median) 0-4 (2)    

Other suspected drugs None    

Indication for the main suspected drug Hyperthyroidism 25 100% 
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Concomitant diseases Allergies 16 64% 

  Asthma 4 16% 

  Dermatologic disease 6 24% 

  Diabetes 1 4% 

  Epilepsy 2 8% 

  Gallstone 2 8% 

  Gastro-intestinal ulcer 1 4% 

  Hypertension 1 4% 

  Kidney stone 1 4% 

  Osteoarthritis 3 12% 

  Other joint problems 3 12% 

  Rheumatoid arthritis 2 8% 

    

#No patients below the age of 18 were recruited. However, 18 year olds are entered in the range 15-19 
years. 

 

Among the patients treated with thiamazole, 12 patients (57 %) had a dose of 30 mg/day 

(Table 4). As for propylthiouracil, 3 of the patients (75 %) took 300 mg/day. The median time 

to onset of agranulocytosis was 31 days (range 0-900 days). The lowest neutrophil count was 

0 cells/μL for 6 patients (24 %) and 1-100 cells/μL for 9 patients (36 %). At the time of the 

agranulocytosis, 20 patients (80 %) experienced fever and 17 patients (68 %) suffered from a 

sore throat.  

Table 4. Description of the ADR anti-thyroid-associated agranulocytosis. 

Description of the ADR   Number Frequency 

Dose of the suspected drug      

Thiamazole 20 mg/day 2 8% 

  30 mg/day 12 48% 

  45 mg/day 4 16% 

  unknown 3 12% 

Propylthiouracil 300 mg/day 3 12% 

  unknown 1 4% 

Time to onset, range (median) 0-900 (31)    

Time to onset, days 0-10  1 4% 

  11-20 2 8% 

  21-30 10 40% 

  31-40 5 20% 

  41-50  4 16% 

  51-60 0 0% 

  >61 3 12% 

Neutrophil count (cells/uL) 0 6 24% 

  1-100 9 36% 

  101-200 2 8% 

  201-500 6 24% 

  unknown 2 8% 

Fever Yes 20 80% 

  No 3 12% 

  Unknown 2 8% 

Sore throat Yes 17 68% 

  No 6 24% 

  Unknown 2 8% 
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Group 3 – Antibiotics 

In group 3, there were 4 women and 21 men that had been treated with antibiotics (Table 5). 

They were aged 30-79 years with a median of 52.5 years. The number of concomitant drugs 

ranged from 0-14 (median 5). The patients had been treated with a large variety of 

antibiotics. The antibiotics were therefore divided into drug groups according to the ATC-

code. Other beta-lactam antibiotics (ATC-code J01D) were most commonly reported, in total 

7 patients (28 %). The second most frequent drug group was penicillins (J01C) with 6 

patients (24 %) and in the third place was the combination drug trimethoprim and 

sulfamethoxazole (J01E) with 5 patients (20 %). The indications for taking the suspected 

drugs were also diverse: 4 patients (16 %) were treated for an abscess, 4 patients (16 %) for 

a urinary tract infection, 3 patients (12 %) for endocarditis and the rest for other infections. 

Apart from the infections, 8 patients (32%) had allergies, 7 (28 %) had hypertension, 5 (20 %) 

suffered from diabetes, 5 (20 %) reported dermatological diseases and 4 (16 %) 

osteoarthritis.  

Table 5. Characteristics of the 25 patients with antibiotics-associated agranulocytosis. 

Patient characteristics   Number Frequency 

Main suspected drug Other beta-lactam antibiotics J01D 7 28% 

  Penicillins J01C 6 24% 

  Trimethoprim and Sulfamethoxazole J01E 5 20% 

  Other anti-bacterials J01X 2 8% 

  Tetracyclines J01A 1 4% 

  Macrolides, kinolones and streptogramins J01F 1 4% 

  Antibacterial kinolones J01M 1 4% 

  Antibacterials for tuberculosis J04A 
 
Antibacterials for lepra J04B 
 

1 
 

1 

4% 
 
4% 

Age, range (median) 30-79 (52.5)    

Gender  Female 4 16% 

  Male 21 84% 

Smoking Yes 5 20% 

  No 20 80% 

Concomitant drugs, number (median) 0-14 (5)    

Other suspected drugs Imipenem and enzyme inhibitor 2 9% 

  Piperacillin and enzyme inhibitor 1 4% 

  Vancomycin 1 4% 

  Cefuroxime 1 4% 

  Pregabalin 1 4% 

  Ciprofloxacin 1 4% 

  Fusidic acid 1 4% 

  Metronidazole 1 4% 

  Meropenem 1 4% 

  Erythromycin 1 4% 

  Fluconazole 1 4% 
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Indication for the main suspected drug Abscess 4 17% 

  Urinary tract infection 4 17% 

  Endocarditis 3 13% 

  Spondylitis 2 9% 

  Postop infection 2 9% 

  Soft tissue infection 2 9% 

  Pneumonia 2 9% 

  Sinusitis 1 4% 

  Staphylococci sepsis 1 4% 

  Septic arthritis 
 
Infection in joint prosthesis 
 
Dermatitis herpetiformis 

1 
 

1 
 

1 

4% 
 
4% 
 
4% 
 

Concomitant diseases Allergies 8 32% 

  Asthma 3 12% 

  Cancer 2 8% 

  Coronary heart disease 3 13% 

  Dermatologic disease 5 20% 

  Diabetes 5 20% 

  Gastro-intestinal ulcer 1 4% 

  Hypertension 7 28% 

  Kidney stone 2 8% 

  Osteoarthritis 4 16% 

  Other joint problems* 3 12% 

  Rheumatoid arthritis 2 8% 

  Stroke 1 4% 

  Thyroid disease 1 4% 

*where this diagnosis was not the main indication for treatment 

The patients had been treated with an antibiotic for a median of 21 days (range 0-42 days) 

when the agranulocytosis occurred (Table 6). The lowest neutrophil count was 0 cells/μL for 

5 patients (20 %) and 1-100 cells/μL for 12 patients (48 %). Nineteen patients (76 %) had 

fever, but only 4 patients (16 %) reported a sore throat.  

Table 6. Description of the ADR antibiotics-associated agranulocytosis. 

Description of the ADR   Number Frequency 

Time to onset, range (median) 0-42 (21)    

Time to onset, days 0-10  5 20% 

  11-20 5 20% 

  21-30 11 44% 

  31-40 
 
41-50 

3 
 

1 

12% 
 
4% 
 

Neutrophil count (cells/uL) 0 5 20% 

  1-100 12 48% 

  101-200 3 12% 

  201-500 5 20% 

Fever Yes 19 76% 

  No 1 4% 

  Unknown 5 20% 

Sore throat Yes 4 16% 

  No 16 64% 

  Unknown 5 20% 
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Group 4 – Other drugs 

Group 4 included 15 women and 4 men (Table 7). The age of these patients varied from 30 

to 79 years with a median age of 52.5 years. The number of drugs taken simultaneously with 

the suspected drug was 0-11 (median 5). The suspected drugs covered many drug fields . 

Terbinafine and ticlopidine were the only drugs that were suspected in more than one 

patient, with 2 patients for each (11 %). Not surprisingly, the indication for taking the drugs 

varied a lot. Platelet aggregation inhibition was the most common indication with 3 patients 

(16 %). In group 4, 11 patients (58 %) reported allergies, 8 (42 %) were diagnosed with 

hypertension and 4 (21 %) suffered from “other joint problems”. 

Table 7. Characteristics of the 19 patients with agranulocytosis induced by other drugs. 

Patient characteristics   Number Frequency 

Main suspected drug Terbinafine 2 11% 

  Ticlopidine 2 11% 

  Cyclophosphamide 1 5% 

  Lamotrigine 1 5% 

  Piroxicam 1 5% 

  Clopidogrel 1 5% 

  Naproxen 1 5% 

  Mercaptopurine 1 5% 

  Allopurinol 1 5% 

  Mirtazapine 1 5% 

  Azathioprine 1 5% 

  Atenolol 1 5% 

  Topiramate 1 5% 

  Mianserin 1 5% 

  Pyrimethamine 1 5% 

  Interferon beta-1b 1 5% 

  Rituximab 1 5% 

Age, range (median) 30-79 (52.5)    

Gender Female 15 79% 

  Male 4 21% 

Smoking Yes 1 5% 

  No 18 95% 

Concomitant drugs, number (median) 0-11 (5)   0% 

Other suspected drugs Atropine 1 5% 

  Cyclophosphamide 1 5% 

  Prednisolone 1 5% 

  Sulfadiazine 1 5% 

  Sulfamethoxazole/trimethoprim 1 5% 

  Sulindac 1 5% 

Indication for the main suspected drug Platelet aggregation inhibition 3 16% 

  Pain 2 11% 

  Tinea 2 11% 

  Inflammatory bowel disease 2 11% 

  Depression 2 11% 

  Epilepsy 1 5% 

  Gout 1 5% 

  Glomerulosclerosis 1 5% 

  Multiple sclerosis 1 5% 

  Hypertension 1 5% 
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  Migraine 1 5% 

  Wegenersgranulomatosis 1 5% 

  Retinochoroiditis 1 5% 

Concomitant diseases Allergies 11 58% 

  Bronchitis 1 5% 

  Cancer 2 11% 

  Coronary heart disease* 1 5% 

  Dermatologic disease* 3 16% 

  Diabetes 1 5% 

  Gastro-intestinal ulcer 2 11% 

  Glaucoma 2 11% 

  Hypertension* 8 42% 

  Osteoarthritis 3 16% 

  Other joint problems 4 21% 

  Rheumatoid arthritis 2 11% 

  Stroke 1 5% 

  Thyroid disease 3 16% 

*where this diagnosis was not the main indication for treatment 

The median treatment time until agranulocytosis for this group (Table 8) was 29.5 days 

(range 0-1800). Four patients (21 %) had a lowest neutrophil count of 0 cells/μL and 7 (37 %) 

had 1-100 cells/μL. Fever appeared in 12 patients (63 %) and a sore throat in 6 (32 %).  

Table 8. Description of agranulocytosis as an ADR of other drugs. 

Description of the ADR   Number Frequency 

Time to onset, range (median) 0-1800 (29.5)    

Time to onset, days 0-10  2 11% 

  11-20 3 16% 

  21-30 6 32% 

  31-40 3 16% 

  41-50  0 0% 

  51-60 0 0% 

  >61 4 21% 

Neutrophil count (cells/uL) 0 4 21% 

  1-100 7 37% 

  101-200 4 21% 

  201-500 4 21% 

Fever Yes 12 63% 

  No 5 26% 

  Unknown 2 11% 

Sore throat Yes 6 32% 

  No 11 58% 

  Unknown 2 11% 

 

 

Difference in time to onset of agranulocytosis between drug groups 

Test for differences in time to onset between drug groups was done with one-way ANOVA. 

In this test, only groups 1-3 were included since group 4 was considered too diverse. Before 

doing the statistics, I removed one patient each from group 1 with sulfasalazine and group 2 
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with anti-thyroid drugs that were outliers with a time to onset of 1800 and 900 days , 

respectively. The results are shown in diagram 1. The mean time to onset for sulfasalazine 

patients was 47.6 days, for anti-thyroids 36.1 days and for antibiotics 20.5 days (table 9). 

There was a statistically significant difference in time to onset of agranulocytosis (p < 0.05) 

(table 10).  T-test revealed that there were statistically significant differences between each 

of the groups, i.e., between sulfasalazine and antibiotics (p<0.001), between anti-thyroid 

drugs and antibiotics (p=0.0033), and between sulfasalazine and anti-thyroid drugs 

(p=0.0250).  

 

Diagram 1. Difference in time to onset between drug groups. Displaying mean values with 

95 % confidence intervals. 

 

Table 9. Means for one-way ANOVA 
 
Group Number Mean (days)  Lower 95% Upper 95% 
Antiobiotics 25 20,5200  13,375 27,665 

Sulfasalazine 27 47,5926  40,717 54,468 
Anti-thyroids 24 36,0833  28,791 43,376 
 

 

 
Table 10. Difference in time to onset, comparisons between each drug group 

 

     

Caomparison   Difference Lower 95% CI Upper 95% CI p 

Sulfasalazine vs Antiobiotics  27,07259 17,15638 36,98881 <,0001 
Anti-thyroids vs Antiobiotics  15,56333 5,35350 25,77317 0,0033 
Sulfasalazine vs Anti-thyroids  11,50926 1,48635 21,53217 0,0250 
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Gender-related difference in time to onset  

Test for difference in time to onset between men and women was done with t-test. The two 

outliers with a time to onset of 900 and 1800 days were excluded from this analysis.  The 

results are shown in diagram 2. The mean value for women was 36.9 days and for men 32.9 

days (table 11). There was no significant difference (p=0.42). 

Diagram 2. Gender-related difference in time to onset. Displaying mean values with 95% CI. 

 

 

 

 

 

 

 

Table 11. Time to onset for men and women, mean value and CI. 

Level Number Mean Lower 95% CI Upper 95% CI p-value 

Female 41 36,8537 30,310 43,397  
Male 
Difference 

35 32,9429 
-3,911 

25,861 
-13,553 

40,025 
5,732 

 

 
0,42 

 

 

Difference in incidence of agranulocytosis between drug groups 

To evaluate the difference in incidence between drug groups, the National Board of Health 

and Welfare[25] was contacted to get the statistics for how many unique patients that had 

collected recipes for drugs and compared those numbers with how many reports of 

agranulocytosis there were for the same time period. The comparison was only possible to 

make for the years 2006-2012 and for sulfasalazine and anti-thyroid drugs. During those 

years, 37 596 unique patients collected recipes for sulfasalazine (A07EC01) in Sweden[25] 

and 12 reports of agranulocytosis due to sulfasalazine were reported. During the same 

period, 23 325 unique patients collected recipes for thiamazole (H03BB02) and 
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propylthiouracil (H03BA02) in Sweden[25] and 17 reports of agranulocytosis caused by anti -

thyroid drugs were sent to the MPA. The incidence of agranulocytosis for patients taking 

sulfasalazine was therefore 0.032 % and for anti-thyroids (thiamazole/propylthiouracil) 

0.073 % (table 12). Fischer’s exact test showed that there was a statistically significant 

difference (p=0.042). The patients who had taken anti-thyroid drugs had a 2.283 greater risk 

(CI 1.091 - 4.78) for developing agranulocytosis than the patients treated with sulfasalazine.  

Table 12. Cumulative incidence of all spontaneously reported cases of drug-induced 
agranulocytosis for sulfasalazine and anti-thyroids during 2006-2012. 

 Drug No. of reports  No. of patients Incidence 

Sulfasalazine 12 37 596 0.032% 

Thiamazole/propylthiouracil 17 23325 0.073% 
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Discussion 

Agranulocytosis is a well-known idiosyncratic adverse drug reaction that can be caused by a 

variety of drugs. In our study, a wide range of suspected drugs with different mechanisms of 

action were suspected to cause the reaction. 

The primary hypothesis of this project was that there is a difference between drug classes in 

the time it takes to develop agranulocytosis. We showed that the time to onset differed 

significantly (p < 0.05) between groups 1-3. The hypothesis was not tested for group 4 since 

the drugs were very diverse. The mean time to onset for sulfasalazine patients was 47.6 days, 

for anti-thyroid drugs 36.1 days and for antibiotics 20.5 days. This suggests that different 

mechanisms are responsible for agranulocytosis for the three types of drugs. The most rapid 

onset was seen for antibiotics. This suggests an immunological mechanism, which has been 

proposed for this drug group[13]. The relatively slow onset for sulfasalazine-induced 

agranulocytosis suggests that bone marrow toxicity may play a role, and the intermediate 

time to onset for anti-thyroid drugs that both mechanisms may be involved. Little is known 

about the mechanisms behind anti-thyroid drug-induced agranulocytosis. An immunological 

mechanism has been proposed[26] but has been questioned by others[27].  

The second hypothesis was that there would be a gender-related difference in time to onset 

turned out to be non-significant. The mean time to onset for women was 36.9 days and for 

men 32.9 days. The t-test shows that there is no significant difference between the time to 

onset of agranulocytosis between men and women. This suggests that there is no difference 

in the mechanism for men and women when it comes to the evolution of agranulocytosis.  

The third hypothesis was that there is a difference in incidence of agranulocytosis between 

drug groups. There was a significant difference inincidence of agranulocytosis for patients 

taking sulfasalazine (3.2/10 000) and anti-thyroids (7.3/10 000). There could be a few 

explanations for this. Either treatment with anti-thyroids poses a higher risk of 

agranulocytosis than with sulfasalazine, or agranulocytosis cases caused by anti-thyroids are 

reported to a greater extent. It is also possible that patients with hyperthyroidism have a 

higher risk of evolving agranulocytosis than patients with IBD or RA. Another possibility is 

that patients taking sulfasalazine are followed more closely so that the treatment can be 
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stopped before the neutrophil count is < 500 cells/µL and therefore agranulocytosis does not 

evolve as frequently. There could also be other reasons for this difference in incidence. 

 

When comparing the characteristics of the patients in the present study with previous 

studies, the clinical parameters of the patients in group 1, who suffered from 

agranulocytosis due to sulfasalazine, were more or less the same as in other similar studies. 

There were 54 % women compared to 55 % in a case-control study by Keisu & Ekman[9]. The 

median age was 54.5 years compared to 52 years in the previous study. In that study, 52 % 

had been treated for IBD and 27 % for RA compared to 25 % IBD and 39 % RA in our study. 

Other diseases were stated as the indication for 21 % of their patients, while they accounted 

for 36 % in our study. In another case-control study, there were 54 % women, the median 

age was 54 years, 51 % were treated for RA and 31 % for IBD [28]. The differences in 

indications could be caused by a shift in the indications that sulfasalazine is used for due to 

the availability of new drugs such as tumour necrosis factor (TNF) alpha inhibitors. The 

median treatment time was 46.5 days in our study, which is not far from Keisu & Ekman [9] 

with a median of 43 days. Keisu & Ekman reported 84 % of the patients having symptoms 

like fever and a sore throat, while 89 % of our patients had fever and 79 % had a sore throat. 

 

In group 2, consisting of patients with agranulocytosis after anti-thyroid treatment, the 

median age was 42.5 years and 96 % were women. In a study from Taiwan, the authors 

describe 13 patients with drug-induced agranulocytosis with a median age of 39 years, and 

77 % were women[29].The majority of them were treated with methamizole, 46%, while 31 % 

were treated with propylthiouracil and 23 % with carbamizole compared to 84 % treated 

with thiamazole and 16 % with propylthiouracil in our study. This difference is due to 

different local therapy traditions, e.g., carbamizole has not been marked in Sweden and 

methamizole is considered first-line therapy. When the agranulocytosis was detected, the 

anti-thyroid drug had been administered for a median of 30 days, which is very close to our 

median of 31 days. Among the Taiwanese patients, 100 % experienced fever and 77 % a sore 

throat, and for our patients the numbers were 80 % and 68 %. At the onset of 

agranulocytosis in Taiwan, the absolute neutrophil count was 0 for 8 % (1 patient), 1-100 for 
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38 %, 101-200 for 23 % and 201-500 for 31 %. In Sweden, 24 % had 0 cells/µL, 36 % had 1-

100, 8 % had 101-200 and 24 % had 201-500 cells/µL. The report from Taiwan described an 

interesting incidence of rechallenge in a patient who had a methimazole-induced 

agranulocytosis. The patient was a 34 year old woman who had a treatment duration of 21 

days before the first episode of agranulocytosis and an absolute neutrophil count of 8 

cells/µL at the onset. She was mistakenly prescribed carbamizole two months later and 

experienced a similar episode of agranulocytosis . 

 

The patients in group 3 who suffered from agranulocytosis induced by antibiotics can be 

compared with a French prospective cohort study of 102 agranulocytosis cases reported 

1985-2000[30]. Out of them, 21 cases were induced by antibiotics and they showed some 

similarities with our cases, but there were differences in age, male:female ratio and time to 

onset. In the French study, the median age was 68 years and the male:female ratio was 3:4. 

In our study, the median age was 52.5 years and the male:female ratio was 5:1. In France, 

the patients had been treated with 9 different antibiotics. Sulfamethoxozole accounted for 

the largest group with 43 % of the patients, and amoxicillin was the villain in 14 % of the 

cases. In Sweden, 16 % had consumed sulfamethoxazole and trimethoprim, 12 % cefotaxime 

and another 12 % benzylpenicillin. The mean duration of antibiotic intake in the French 

study was 12 days which is a little lower than our finding with a median of 21 days. Forty-

three percent of their patients experienced isolated high fever as a symptom of 

agranulocytosis, 29 % had septic shock and 14 % acute tonsillitis. Fever was reported for 76 % 

of our patients and a sore throat for 16 %. However, for this group of patients who were 

treated for an infection it is sometimes difficult to distinguish the symptoms caused by the 

original infection from the symptoms caused by agranulocytosis . In addition, severe 

infections occasionally cause agranulocytosis. The mean neutrophil count was 250 cells/μL in 

the French study. In our group of patients, the mean was 140 cells/μL. 

 

Group 4 accounted for all the patients who had taken drugs other than sulfasalazine, anti -

thyroid drugs and antibiotics. This group contained a large variety of drugs. Because of this 

diversity, comparison with other studies is difficult. In this group, there were 79 % women, 
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which brings us to the question if the female sex increases the risk of drug-induced 

agranulocytosis. The literature points to this but it is difficult to distinguish between sex and 

other risk factors such as high age and a large amount of drugs consumed, which both are 

more common among women. An American study of clozapine-induced agranulocytosis 

adjusted the effect of sex for age which reduced the higher risk for women, but the adjusted 

risk ratio was still increased (1.60; CI 0.99-2.58)[31]. This shows that women possibly have a 

higher risk of drug-induced agranulocytosis for many different drugs. However, since the 

confidence interval includes 1 this is not a significant result. Furthermore, it gives us no 

information about why women have an excess risk, if it is due to factors that we could affect 

by for example reducing the number of drugs or if it is genetics. One article from Hopitaux 

Universitaires de Strasbourg describes data from 90 patients with drug-induced 

agranulocytosis with all kind of drugs (including the ones in group 1-3 of this project)[32]. 

They found that the mean patient age was 63 years, the patients in group 4 of our study had 

a median age of 52.5 years. They also describe that 41 % of the patients had isolated fever 

and 31 % had septic shock. In our study, fever was reported in 63 % of the patients in group 

4. The mean neutrophil count was calculated as 130, while ours was 144 cells/μL. 

 

Limitations of this study 

A lot of the uncertainty in this study is due to the limited number of patients. There are two 

main reasons for this; the number of reported ADRs is low in general and for the reported 

cases it was difficult to find the physician who made the report. One explanation for these 

problems could be that many physicians experience an overload of paperwork, therefore 

reporting ADRs and replying to letters from research projects is not prioritised. However, 

these problems should not give any bias to this study since the physicians probably do not 

choose which ADRs to report or reply to selectively. Therefore, in this study that should only 

have an impact on the incidence and not on the characteristics. Another limitation to this 

study is that some of the ADRs happened many years ago which makes it difficult for the 

patients to remember for example the symptoms he or she had and the drugs he or she 

were on at that time. The journals were occasionally insufficient as well which makes it 

possible that some of the collected data is not correct. Even if the data received from the 
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patient or the journals were correct, it is possible that errors occurred when the data was 

entered into the database. Moreover, for some patients more than one drug was suspected 

to cause agranulocytosis which makes the case adjudication difficult. The group of patients 

who suffered from agranulocytosis related to antibiotics is more uncertain since severe 

infection also can lead to agranulocytosis. An additional limitation to this study is that there 

is no control group. A control group could have made it possible to see if there are any 

characteristics that differ between the patients who were treated with sulfasalazine, anti-

thyroid drugs and antibiotics that experienced agranulocytosis, compared to those who 

were treated with the same drugs without having an ADR. 

 

Conclusion 

We conclude that there is a difference in time to onset between different drug groups. The 

time to onset was the shortest for antibiotics (mean 20.5 days), longer for anti-thyroid drugs 

(36.1 days) and the longest for sulfasalazine (47.6 days). This suggests that different 

mechanisms are responsible for the development of agranulocytosis for different types of 

drugs. 

Our study suggests that there is no gender-related difference in time to onset, indication 

that there is no difference in the mechanism for men and women when it comes to the 

pathogenesis of agranulocytosis.  

We further found a difference in the incidence of agranulocytosis between drug groups. The 

incidence for patients taking sulfasalazine was 0.032 % and for anti-thyroids 0.073 %, which 

is a significant difference. A few possible explanations for this have been discussed such as 

anti-thyroids possibly conferring a higher risk of agranulocytosis than sulfasalazine and that 

agranulocytosis caused by anti-thyroids might be reported to a greater extent that 

agranulocytosis caused by sulfasalazine.  
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Appendix 

No. 1 Questionnaire 
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