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Abstract 
Introduction: Linezolid (LZD) plays an important role in the treatment of severe infections caused by Gram-positive bacteria. 
Thrombocytopenia is regarded as one of the most common side effects of linezolid, which results from the destruction of platelets or 
myelosuppression. The study aimed to identify the risk factors associated with the development of thrombocytopenia in Vietnamese patients. 
Methodology: This retrospective, descriptive cross-sectional study was performed on adult patients who received parenteral LZD therapy 
(1,200 mg/day) in at least 3 days between January 2020 and June 2021 at a tertiary referral hospital in Vietnam. Thrombocytopenia was defined 
as either a final platelet count of less than 100 G/L or a 25% decrease in platelet count from baseline. Multivariate logistic regression analysis 
was applied to predict risk factors associated with LZD-induced thrombocytopenia.  
Results: In the 208 patients included in the study, the average age was 69 and males accounted for 73.1%. LZD-induced thrombocytopenia 
occurred in 37% of patients. LZD-induced thrombocytopenia was significantly associated with shock (HR = 8.26, 95% CI 3.82 – 17.84, p < 
0.001), baseline creatinine clearance (HR = 1.02, 95% CI [1.01 – 1.03], p = 0.002), and duration of LZD treatment of at least 14 days (HR = 
4.45, 95% CI [1.83 – 11.05], p = 0.001).  
Conclusions: The results showed that thrombocytopenia was fairly common in patients using linezolid. Shock, renal failure, and duration of 
linezolid therapy of at least 14 days were significant risk factors for the incidence of linezolid-induced thrombocytopenia. 
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Introduction 

Linezolid (LZD) belongs to the class of 
oxazolidinones which has been used in the treatment of 
severe infections caused by Gram-positive bacteria 
such as Staphylococcus aureus or vancomycin-resistant 
Enterococcus faecium. Linezolid binds to the 23S 
ribosomal RNA of the 50S subunit to impede protein 
synthesis of these bacteria [1]. The usual dose of 
linezolid in adults is 600 mg twice daily by oral or 
intravenous route. No adjustment of the linezolid 
dosage is needed in subjects with renal dysfunction 
[2,3]. Linezolid has been associated with hematological 
toxicity [3]. Thrombocytopenia is regarded as one of 
the most common side effects of linezolid, which 
results from the destruction of platelets or 
myelosuppression [4]. Previous studies conducted in 
Korea and Japan have reported some risk factors for 
linezolid-induced thrombocytopenia [5–9]. However, 
the data on Southeast Asian population is still 

unavailable. Therefore, the study aimed to identify the 
risk factors associated with the development of 
linezolid-induced thrombocytopenia in Vietnamese 
patients. 

 
Methodology 
Study design and population 

This retrospective, descriptive cross-sectional study 
included hospitalized patients who received linezolid 
intravenously (600mg, q12h) for at least three 
consecutive days from January 2020 to June 2021 at a 
tertiary referral hospital in Vietnam. 

The study excluded patients with a duration of 
linezolid therapy of fewer than three days or platelet 
counts of below 100 G/L before LZD initiation (Figure 
1). Subjects who tested positive for viruses or had 
hematological diseases or lacked information from 
electronic medical records were ineligible. 
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Data collection 
Data was collected from electronic medical records. 

Demographic and clinical characteristics included age, 
sex, comorbidity, mechanical ventilation, continuous 
renal replacement therapy (CRRT), hospital length of 
stay, septic shock and sources of infection, linezolid 
treatment duration, concurrent antibiotics, and baseline 
laboratory data (white blood cell, hemoglobin, C 
reactive protein (CRP), platelet count, serum creatinine) 
and microbiological isolates. 

Baseline kidney function was calculated using the 
Cockcroft-Gault equation. The kidney functions were 
divided into 3 categories according to KDIGO 
guidelines: creatinine clearance (CrCL) > 60; 30 ≤ 
CrCL ≤ 60 and CrCL < 30 mL/min. 

 
Thrombocytopenia definition 

Thrombocytopenia was defined as either a final 
platelet count of less than 100 G/L or a 25% decrease in 
platelet count from baseline.  

 
Statistical analysis 

Statistical analysis was performed by SPSS version 
21.0 and Epi info 7 software. Continuous variables were 
presented as mean values (standard deviation) for 
parametric variables and median (interquartile range) 
for nonparametric variables. Categorical variables were 
introduced as frequencies (percentages). Comparisons 
of continuous variables between groups based on the 
Student's t-test for normally distributed data and the 
Mann–Whitney U test for non-normally distributed 
data. Categorical variables were analyzed using the chi-
square test or Fisher's exact test. Univariate and 
multivariate logistic regression analyses were applied to 
predict the factors related to the development of 
linezolid-induced thrombocytopenia. A p value of less 
than 0.05 was considered to be statistically significant. 

This study was approved by the Institutional 
Review Board of 108 Military Central Hospital. 
Informed consent was not required for this study. 

 
Results 

A study was conducted between January 2020 and 
June 2021, where 402 consecutive adult patients were 
given LZD. However, 194 patients were excluded from 
the study due to various reasons. Among the excluded 
patients were 24 patients who used LZD for less than 
three days, 69 patients with platelet counts below 100 
G/L before LZD initiation, 43 patients who were 
positive for viruses, 33 patients with hematological 
diseases, and 25 patients who lacked information from 
electronic medical records.  

A total of 208 patients were included in the study, 
of which 77 (37%) patients developed 
thrombocytopenia. Demographic data, clinical data, 
laboratory data at baseline, co-morbidities, origin of 
infection, microbiological species, and concomitant 
medications were presented in Table 1.  

The patient’s median age was 69 years, and 152 
patients (73.1%) were male. The rates of shock, 
mechanical ventilation, and in-hospital mortality were 
higher in the thrombocytopenia group than in the non-
thrombocytopenia group (62.3% vs. 15.3%, 76.6% vs 
32.8% and 41.6% vs 9.9%, respectively, p < 0.001). No 
significant difference in the duration of LZD treatment 
and hospital LOS was found between the two groups. 
However, 26 (33.7%) patients in the group of 
thrombocytopenia and 22 (16.7%) patients in the group 
of non-thrombocytopenia were treated with LZD for 
more than 14 days (p = 0.005).  

The most common co-morbidities were 
hypertension in 103 patients (49.5%), type 2 DM in 62 
patients (29.8%), heart failure in 41 patients (19.7%), 
kidney disease in 40 patients (19.2%), and stroke in 36 
patients (17.3%). The number of patients diagnosed 
with heart failure, kidney disease, and stroke was 
significantly higher in the thrombocytopenia group than 
in the non-thrombocytopenia group (p < 0.05). 

The median WBC was 13.5 G/L, the median Hb 
was 104 g/L and the median CRP was 99 mg/L. The 
baseline platelet and serum creatinine level were 
statistically different between the two groups (202 G/L 
vs. 278 G/L and 148 vs. 72 µmol/L respectively, p < 
0.001). The median CrCl was 47.2 mL/min. The rate of 
CrCl < 30 mL/min in the thrombocytopenia group was 
significantly higher than in the non-thrombocytopenia 
group (48.0% vs 19.1%). 

The main sources of infection were respiratory tract 
in 88 patients (42.3%), soft tissue in 36 patients 

Figure 1. Inclusion/exclusion flowchart for study subjects. 
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(17.3%), urinary tract in 18 patients (8.7%), abdomen 
in 9 patients (4.3%). MRSA was isolated in 56 
specimens (26.9%).  

Carbapenem was the most frequently prescribed 
medication with LZD (50.7%). The percentage of 
patients taking antifungals and unfractionated heparin 
in the thrombocytopenia group was higher than that in 

the non-thrombocytopenia group (15.6% vs. 6.9%, p = 
0.04 and 16.9% vs 3.8%, p = 0.001, respectively). 

Seven factors significantly associating with 
linezolid-induced thrombocytopenia were identified by 
univariate analysis, including age (p = 0.03), shock (p < 
0.001), baseline creatinine (p < 0.001), baseline 
creatinine clearance (p < 0.001), duration of LZD 
treatment (≥ 14 days) (p = 0.006), concomitant use of 

Table 1. Characteristics of patients treated with linezolid. 
 All patients 

(n = 208) 
Thrombocytopenia 

(n = 77) 
Non-Thrombocytopenia 

(n = 131) p value 

Demographic data 
Age (years) 69 (57–79) 73 (59–82) 67 (55–77) 0.02 
Male 152 (73.1) 52 (67.5) 100 (76.3) 0.17 
Clinical data 
Shock 68 (32.7) 48 (62.3) 20 (15.3) < 0.001 
Mechanical ventilation, 102 (49.0) 59 (76.6) 43 (32.8) < 0.001 
Duration of LZD treatment (days) 9 (6–13) 10 (5–16) 9 (6–12) 0.20 
Duration of LZD treatment (≥ 14 days) 48 (23.1) 26 (33.7) 22 (16.7) 0.005 
Hospital LOS (days) 25 (17–39) 29 (18–47) 22 (16–37) 0.02 
In-hospital mortality 45 (21.6) 32 (41.6) 13 (9.9) < 0.001 
Laboratory data at baseline 
WBC (G/L) 13.5 (9.5–19.1) 14.7 (10.8–20.7) 13.1 (9.2–18.2) 0.04 
Platelet (G/L) 250 (182–343) 202 (159–273) 278 (204–382) < 0.001 
Hb (g/L) 104 (92–120) 101 (90–113) 104 (94–122) 0.22 
Creatinine (µmol/L) 90 (59–209) 148 (89–286) 72 (53–122) < 0.001 
CRP (mg/L) 99 (42.2–147.2) 108 (80–223) 88.3 (43.7–146.0) 0.19 
CrCl (mL/min) 47.2 (19.0–84.8) 30.1 (13.2–49.9) 64.3 (35.6–95.8) < 0.001 
< 30 mL/min 62 (29.8) 37 (48.0) 25 (19.1) < 0.001 
30 – 60 mL/min 60 (28.9) 26 (33.8) 34 (25.9)  
> 60 mL/min 86 (41.3) 14 (18.2) 72 (55.0)  
Co-morbidities 
Hypertension 103 (49.5) 44 (57.1) 59 (45.0) 0.09 
Type 2 DM 62 (29.8) 27 (35.1) 35 (26.7) 0.2 
Heart failure 41 (19.7) 23 (29.9) 18 (13.7) 0.005 
Kidney disease 40 (19.2) 25 (32.5) 15 (11.5) 0.002 
Stroke 36 (17.3) 21 (27.3) 15 (11.5) 0.004 
Cancer 15 (7.2) 7 (9.1) 8 (6.1) 0.42 
CRD 9 (4.3) 4 (5.2) 5 (3.8) 0.6 
Liver disease 8 (3.9) 4 (5.2) 4 (3.1) 0.44 
Alcohol abuse 2 (1) 1 (1.3) 1 (0.8) 0.7 
Origin of infection 
Respiratory 88 (42.3) 32 (41.6) 56 (42.8) 0.86 
Soft tissue 36 (17.3) 4 (5.2) 32 (24.4) < 0.01 
Urinary 18 (8.7) 9 (6.9) 9 (11.7) 0.23 
Abdomen 9 (4.3) 1 (1.3) 1 (6.1) 0.09 
Endocarditis 6 (2.9) 5 (6.5) 1 (0.8) 0.02 
Catheter 5 (2.4) 2 (2.6) 3 (2.3) 0.89 
Nervous system 3 (1.4) 1 (1.3) 2 (1.5) 0.89 
Other 43 (20.7) 23 (29.9) 20 (15.3) 0.01 
Microbiological species 
MRSA 56 (26.9) 19 (24.7) 37 (28.2) 0.58 
Concomitant medications 
Carbapenem 105 (50.7) 45 (58.4) 60 (45.8) 0.08 
Quinolones 49 (23.6) 21 (27.3) 28 (21.4) 0.33 
Cephalosporins 45 (21.6) 16 (20.8) 29 (22.1) 0.82 
Aminoglycosides 39 (18.8) 19 (24.7) 20 (15.3) 0.09 
Piperacillin/ Tazobactam 12 (5.8) 6 (7.8) 6 (4.6) 0.34 
Antihistamines 47 (22.6) 21 (27.3) 26 (19.9) 0.22 
Antifungals 21 (10.1) 12 (15.6) 9 (6.9) 0.04 
Unfractionated heparin 18 (8.7) 13 (16.9) 5 (3.8) 0.001 
Clopidogrel 13 (6.3) 3 (3.9) 10 (7.6) 0.28 
Aspirin 11 (5.3) 3 (3.9) 8 (6.1) 0.49 
Anticonvulsants 11 (5.3) 4 (5.2) 7 (5.3) 0.96 
Data are presented as median (interquartile range) for continuous variables, counts (%) (percentage) for nominal variables. CRRT: continuous renal replacement therapy; LZD: linezolid; LOS: length of stay; DM: 
diabetes mellitus; CRD: chronic respiratory disease; WBC: white blood cell; Hb: hemoglobin; CRP: C-reactive protein; CrCl: creatinine clearance (calculated by Cockcroft- Gault equation); MRSA:methicillin - 
resistant Staphylococcus aureus. 
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antifungals (p = 0.049), and unfractionated heparin (p = 
0.003). These factors were selected for inclusion in the 
multivariate analysis, except baseline creatinine due to 
collinearity with baseline creatinine clearance. The 
variables finally associated with LZD-induced 
thrombocytopenia were shock (HR = 8.26, 95% CI 
3.82–17.84, p < 0.001), baseline creatinine clearance 
(HR = 1.02, 95% CI [1.01–1.03], p = 0.002), and 
duration of LZD treatment ≥ 14 days (HR = 4.45, 95% 
CI [1.83–11.05], p = 0.001) (Table 2). 

The incidence of thrombocytopenia in different 
groups of kidney functions was estimated (Figure 2). 
Thrombocytopenia occurred in patients in the group of 
CrCl < 30 mL/min, which was higher than that in the 
group of CrCl > 60 mL/min (p < 0.001).  

 
Discussion 

In our study, the proportion of patients experiencing 
LZD-induced thrombocytopenia was 37.0%. The rate 
of thrombocytopenia reported in the previous studies 
ranged from 13.8% to 53.2% [5–14]. Our results were 
similar to the incidence of LZD-induced 
thrombocytopenia that was reported by several studies 
previously conducted in Japan (38.6% in the study by 
Hirano et al. [7], 42% in the study by Natsumoto et al. 
[5] and 48.4% in the study by Hanai et al. [8]).  

Reported risk factors of LZD-induced 
thrombocytopenia were low baseline platelet count, 
renal impairment, daily dose per weight, duration of 
treatment, combination with a carbapenem, and shock 
[5–14]. Following multivariate analysis, the factors 
associated with LZD-induced thrombocytopenia in our 
study were shock, baseline creatinine clearance, and 
duration of LZD therapy of more than 14 days. The 
duration of LZD therapy in this study followed the 
FDA-approved label of Zyvox®, which stated that 
linezolid-induced thrombocytopenia appears to depend 
on the duration of therapy, generally greater than 2 
weeks [15]. The daily LZD dose per weight could not 
be assessed in our study because LZD was administered 
in a fixed dose manner at the hospital. Although low 

baseline platelet count and combination with a 
carbapenem were analyzed, associations of these 
factors with LZD-induced thrombocytopenia were not 
statistically significant. The study also evaluated the 
effect of concomitant medications which may cause 
low platelet count; however, no influence was 
observed.  

Linezolid has been known to cause 
thrombocytopenia for decades, but the mechanism 
underneath is still unclear. Two responsible 
mechanisms were demonstrated [16]. The first one is 
myelosuppression, in which the drug molecules have a 
direct cytotoxic effect on the megakaryocytes, leading 
to dysfunctional thrombopoiesis within the bone 
marrow [17,18]. A study using rat platelet-rich plasma 
and human-immortalized cell lines suggested that LZD 
had no direct effect on platelet destruction, but rather 
induced thrombocytopenia via the suppression of 
platelet release from mature megakaryocytes [19]. 
Another study demonstrated that reductions in platelet 
counts were caused by the toxicity-induced suppression 
of platelet production by bone marrow and 
hematopoietic cells [20]. However, a bone marrow 
biopsy performed on a patient who experienced 
thrombocytopenia 7 days after starting linezolid 

Table 2. Univariate and multivariate logistic regression analysis for linezolid induced thrombocytopenia. 
Dependent variables Univariable p Multivariable p Hazard ratio (95% CI) Hazard ratio (95% CI) 
Age 0.98 (0.96 – 0.99) 0.03 1.01 (0.99 – 1.03) 0.337 
Male 0.64 (0.34 – 0.34) 0.168 - - 
CRRT 6.53 (3.31 – 12.87) 0.049   
Shock 9.18 (4.73 – 17.82) < 0.001 8.26 (3.82– 17.84) < 0.001 
Baseline creatinine 9.18 (4.73 – 17.82) < 0.001   
Baseline creatinine clearance 1.02 (1.01 – 1.03) < 0.001 1.02 (1.01 – 1.03) 0.002 
Duration of LZD treatment, (≥ 14 days) 2.52 (1.31 – 4.87) 0.006 4.45 (1.83 – 11.05) 0.001 
Antifungals 2.50 (1.01 – 6.25) 0.049 1.33 (0.41 – 4.31) 0.637 
Unfractionated heparin 5.12 (1.75 – 14.99) 0.003 2.50 (0.69 – 9.04) 0.161 
CI: confidence interval; CRRT: continuous renal replacement therapy; LZD: linezolid; CrClr: creatinine clearance (calculated by Cockcroft – Gault equation). 

Figure 2. Comparison of the thrombocytopenia incidence (%) 
according to kidney function. 

CrCl: Creatinine clearance (calculated by Cockcroft – Gault equation) 
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revealed sufficient quantities of normal 
megakaryocytes [21]. This observation alone disproves 
the theory that thrombocytopenia is caused by a 
myelosuppressive mechanism and supports an immune-
mediated mechanism of platelet destruction.  

Among the independently associated risk factors of 
LZD-induced thrombocytopenia in our study, shock, 
and renal impairment can alter the pharmacokinetics of 
patients, hence increase the trough concentration of 
LZD. Cazavet et al. also proved that an elevated Cmin of 
linezolid in plasma is a risk factor of LZD-induced 
thrombocytopenia [10]. Moreover, a study elucidating 
the underlying mechanism of linezolid-induced 
thrombocytopenia by using a chronic renal disease 
mouse model indicated that renal impairment decreased 
platelet counts in vivo.[4]. Renal impairment is a 
significant risk factor of LZD-induced 
thrombocytopenia in the previous studies [5,7,8,14]. In 
our study, we investigated the impact of renal function 
on platelet count by dividing the patient’s renal function 
into 3 groups based on creatinine clearance before the 
treatment of LZD (Figure 2). The results showed that 
patients with moderate to severe renal impairment 
(CrCl < 60 mL/min) were more likely to suffer from 
thrombocytopenia. This finding is similar to the study 
of Hanai et al. [8]. Meanwhile, Choi et al. indicated that 
platelet count reduced significantly in patients with 
CrCl < 30 mL/min [14]. 

This is the first study investigating the incidence 
and risk factors of LZD-induced thrombocytopenia in 
the Vietnamese population. Besides the duration of 
LZD of more than 14 days which is labeled in the 
package insert, our results demonstrated that shock and 
renal impairment are also independently associated 
with LZD-induced thrombocytopenia. This study still 
has some limitations. Firstly, because data was 
collected from electronic medical records, we could not 
evaluate the influence of other factors on 
thrombocytopenia incidence due to lack of information. 
Secondly, since this is a retrospective study, we did not 
measure the linezolid concentration in the plasma. 
Thirdly, this is a single-center study, thus our results 
may not be generalized for all patients in Vietnam. 
However, our results did coincide with other studies in 
Asia, hence, wider validation should be carried out. 

 
Conclusions 

Thrombocytopenia is a common adverse effect of 
linezolid, an antibacterial medication used to treat 
various infections. Shock, moderate to severe renal 
insufficiency, and duration of linezolid therapy of more 
than 14 days were associated with thrombocytopenia. 

Therefore, in clinical practice, patients presenting those 
factors should be monitored closely for platelet counts 
to detect thrombocytopenia early. 
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