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Objective: Trimethoprim sulfamethoxazole (TMP-SMX) is related to aseptic meningitis. However, a detailed description of its 
phenotype is lacking, which easily leads to misdiagnosis. The purpose of this article is to explore the clinical characteristics of TMP- 
SMX-induced aseptic meningitis (TSIAM).
Methods: We collected literature related to TSIAM published before July 31, 2023, by searching Chinese and English databases. Data 
were extracted and analyzed descriptively.
Results: The 55 patients were mostly female (60.0%), with a median age of 43 years (range: 2.5–90 years). The first onset time was 
from a few minutes to 3 months after administration, and the time of reonset was within 12 hours. Fever (98.2%), headache (78.2%), 
altered mental status (42.3%), nausea and vomiting (41.8%), and neck pain (34.5%) were the most common symptoms. In severe 
cases, patients presented with low blood pressure, seizures, unconsciousness, or coma. Typical cerebrospinal fluid analysis showed 
elevated white blood cell counts, with polymorphonuclear leukocytes predominating, elevated protein levels, and normal glucose 
levels. Brain imaging usually showed no abnormalities. Symptoms resolved rapidly after the discontinuation of TMP-SMX, within 
a median time of 2 days (range: 1, 60). Readministration of TMP-SMX led to another relapse of aseptic meningitis. Aseptic meningitis 
usually culminated in a full recovery, although one patient experienced permanent paraplegia.
Conclusion: Clinicians should be aware that aseptic meningitis is a rare adverse effect of TMP-SMX. TMP-SMX should be 
discontinued in patients with TSIAM to reduce unnecessary testing and treatment, and readministration of TMP-SMX should be 
avoided.
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Introduction
Aseptic meningitis is defined as an acute community-acquired syndrome with leukocytosis in cerebrospinal fluid (CSF) 
and negative Gram staining and culture, without a parameningeal focus or a systemic illness.1 Enteroviruses are the most 
common etiologies of aseptic meningitis, while other less common etiologies include autoimmune diseases, leukemia, 
vaccines and drugs.2 Drug-induced aseptic meningitis (DIAM) is a rare disease that occurs mainly in women and patients 
with autoimmune disorders. The most commonly involved drugs are nonsteroidal anti-inflammatory drugs (NSAIDs), 
antibiotics, intravenous immunoglobulins, monoclonal antibodies and intrathecal drugs.3–5

Trimethoprim-sulfamethoxazole (TMP-SMX), a combination of sulfamethoxazole (SMX) and trimethoprim (TMP) in 
a ratio of 1:5, is approved for urinary tract infections, otitis media, shigellosis, and Pneumocystis carinii pneumonia.6 

TMP-SMX, currently available as an oral and intravenous preparation, is widely distributed in sputum, cerebrospinal 
fluid, prostatic fluid, and bile after absorption. The serum half-lives of TMP and SMX are 8 to 10 hours and 10 hours, 
respectively. This half-life can be extended to 20 to 30 hours or more in the case of impaired renal function.3 The most 
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common adverse effects of TMP-SMX are gastrointestinal reactions, anaphylaxis, hematotoxicity, and nephrotoxicity.6 

Aseptic meningitis is a rare complication of TMP-SMX. However, the clinical characteristics of TMP-SMX-induced 
aseptic meningitis (TSIAM) have not been clearly characterized. The purpose of this study was to explore the clinical 
characteristics and general rules of TSIAM, increase clinical awareness, and provide a reference for the rational use of 
TMP-SMX, avoidance of adverse reactions and treatment with this drug.

Methods
Search Strategy and Data Sources
Case reports, case series, original studies, clinical trials and reviews of TMP-SMX-related aseptic encephalitis were searched 
through PubMed/Medline, Embase, Cochrane Library, China Biomedical Literature Database, CNKI, Wanfang, Chinese 
Science and Technology Journal database and other databases. The retrieval period was from database establishment to 
July 31, 2023. The search was conducted by combining subject terms and keywords, including trimethoprim - sulfamethox
azole, trimethoprim, sulfamethoxazole, cotrimoxazole, aseptic meningitis, meningitis, encephalitis, meningoencephalitis, and 
neurologic toxicities.

Inclusion and Exclusion Criteria
Case reports and case series were included. Reviews, duplicate literature, animal studies, clinical studies and studies 
involving patients without a CSF analysis were excluded.

Data Extraction
According to the self-designed table, we extracted the authors, publication years, sex, age, medical history, usage and 
dosage, concomitant medications, onset time, number of episodes, clinical symptoms and signs, laboratory examination, 
cerebrospinal fluid examination, imaging examination, electroencephalograph, treatment and outcomes.

Data Analysis
Descriptive analysis was conducted using SPSS version 20.0 (IBM, New York, US). Continuous data are presented 
herein as the median value (minimum, maximum). Count data are presented as n (%).

Results
Basic Information
After the independent literature screening by two authors, a total of 46 studies were finally included in this study 
according to the inclusion and exclusion criteria (Figure 1). Table 1 summarizes the basic information of the 55 patients. 
Of the 55 patients, 33 (60%) were women with a median age of 43 years (range 2.5–90). Forty-eight patients (87.3%) 
developed aseptic meningitis to TMP-SMX; 6 patients (10.9%), to TMP; and 1 patient (1.8%), to SMX. TMP-SMX was 
mainly used for urinary tract infection (34 cases, 61.8%), Pneumocystis carinii pneumonia (PCP) prophylaxis (8 cases, 
14.5%) and skin and soft tissue infection (6 cases, 10.9%). Ten patients (18.2%) were diagnosed with autoimmune 
diseases, and 6 patients (10.9%) had human immunodeficiency virus (HIV). Six patients (10.9%) used other drugs 
simultaneously. Prior to this admission, 22 patients (40.0%) had been exposed to TMP-SMX, 19 patients (34.5%) had 
meningitis symptoms, and 3 patients (5.5%) did not have meningitis. The first onset of meningitis occurred within 12 h in 
27 patients (50.9%), 1–3 d in 12 patients (22.6%), 4–10 d in 9 patients (17.0%), and 14–90 d in 5 patients (9.4%). 
Meningitis occurred within 12 hours after the reintroduction of TMP-SMX in 28 patients.

Clinical Signs and Symptoms
The clinical symptoms in 55 cases of meningitis are summarized in Table 2. Twenty-four patients (43.6%) had one 
episode of symptoms, and 31 patients (56.4%) had more than two episodes of symptoms, with a maximum of five 
episodes. Fever (54 cases, 98.2%) was the most common symptom, followed by headache (43 cases, 78.2%), altered 
mental status (42.3%), nausea and vomiting (23 cases, 41.8%), neck pain (19 cases, 34.5%), and confusion (15 cases, 
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27.3%). Nineteen patients (34.5%) experienced high fever, up to 41.4 °C. Other symptoms and signs included photo
phobia, myalgia, lethargy, seizure, nuchal rigidity (8 cases, 14.5%), conjunctival injection, neck stiffness, mental status 
changes, hypotension, allergy (7 cases, 12.7%), rigors, and chills (5 cases, 9.1%).

Figure 1 Flow chart of the study selection process for reported cases of trimethoprim-sulfamethoxazole-induced aseptic meningitis.

Table 1 Basic Information of 55 Patients with TSIAM

Parameter Value

Sex Females 33 (60.0%)
Age Years 43 (2.5, 90)b

Country USA 31 (56.4%)
Sweden 6 (10.9%)
Canada 5 (9.1%)

Others 13 (20.0%)

(Continued)
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Laboratory Tests
The peripheral blood cell count showed that 22 (40.0%) of the 36 patients had normal white blood cell counts. C-reactive 
protein increased in 4 (7.3%) of 6 patients.

Table 1 (Continued). 

Parameter Value

Drugs involved SMX 1 (1.8%)

TMP 6 (10.9%)
TMP-SMX 48 (87.3%)

Previous exposure (22)a No symptoms 3 (5.5%)

Symptoms 19 (34.5%)
Time of symptom onset (53)a The time of the first episode 53 (100%)

< 12 h 27 (50.9%)

1–3 d 12 (22.6%)
4–10 d 9 (17.0%)

14–90 d 5 (9.4%)

The time of the second episode 28 (52.8%)
< 12 h 28 (52.8%)

Medical indication UTI 34 (61.8%)

PCP prophylaxis 8 (14.5%)
SSTI 6 (10.9%)

Upper respiratory infection 2 (3.63%)

Otitis media, acne, otitis prophylactic, surgical prophylaxis 1 (1.8%)
Medical history (27)a HIV 6 (10.9%)

SLE 4 (7.3%)
Hypertension 3 (5.5%)

Diabetes 2 (3.63%)

Sjögren syndrome 2 (3.63%)
CAD, AML, migraines, rheumatoid arthritis, herniated discs, psoriasis, hyperlipidemia, BPH, 

asthma, eczema, goiter, herpes simplex, atopic dermatitis, chronic hepatitis C, cytomegalovirus 

hepatitis, arthritis, Hodgkin’s lymphoma

1 (1.8%)

Concomitant medications (6)a Dideoxycytidine, zidovudine, lamivudine, abacavir, atazanavir, methadone, ciprofloxacin, 

naproxen, aspirin, hydrochlorothiazide, lisinopril, fluticasone, multivitamin

6 (10.9%)

Notes: aRepresents the number of patients out of 55 with information provided for this particular parameter. bMedian (minimum-maximum). 
Abbreviations: AML, acute myelocytic leukemia; BPH, benign prostatic hyperplasia; CAD, coronary artery disease, HIV, human immunodeficiency virus; UTI, urinary tract 
infection; PCP, Pneumocystis carinii pneumonia; SSTI, skin and soft tissue infections; SLE, systemic lupus erythematosus; TMP-SMX, trimethoprim-sulfamethoxazole.

Table 2 The Clinical Symptoms and Laboratory Tests of 55 Patients with TSIAM

Parameter Value

Symptoms/signs Fever 54 (98.2%)

37.5–38°C 4 (7.3%)

38.1–39°C 19 (34.5%)
39.1–40°C 15 (27.3%)

40–41.4°C 4 (7.3%)

No data 12 (21.8%)
Headache 43 (78.2%)

Altered mental status 26 (42.3%)

Nausea and vomiting 23 (41.8%)
Neck pain 19 (34.5%)

Photophobia, myalgia, seizure, nuchal rigidity 8 (14.5%)

(Continued)
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Cerebrospinal Fluid Analysis
The results of the CSF analysis are summarized in Table 3. Of the 50 patients, 47 (85.5%) had normal glucose levels, and 
3 (5.5%) had elevated glucose levels. Of the 53 patients, 46 patients (83.4%) had elevated protein levels, with a median 
level of 114 mg/dl (range 34, 1144). In 46 patients, 41 patients (74.5%) had leukocytosis, with a median level of 140.5/ 
mm3 (range 0, 4300). Thirty-four patients (61.8%) had elevated polymorphonuclear leukocytes (PMNs), with a median 

Table 2 (Continued). 

Parameter Value

Conjunctival injection, neck stiffness, hypotension, skin rash (pruritus, rash, papular 

erythematous)

7 (12.7%)

Hepatitis 6 (10.9%)

Rigors, chills 5 (9.1%)

Kerning sign, back pain, abdominal pain, 4 (7.3%)
Weakness 3 (5.5%)

Brudzinski’s signs, visual disturbance, agitated, numbness, disorientation, flushing, sore throat, 

combative, slurred speech, acute kidney injury

2 (3.63%)

Diffuse achiness, hearing loss, acute paresis, urinary retention, nystagmus, perimyocarditis, 

hemolytic anemia, anterior uveitis, dysphagia, tachycardia, urinary and bowel incontinence, 

diaphoresis

1 (1.8%)

Episodes 1 24 (43.6%)

2 22 (40.0%)

3 5 (9.1%)
4 3 (5.5%)

5 1 (1.8%)

White blood cell counts (35)a Normal 22 (40.0%)
Leukocytosis 9 (16.4%)

Leukopenia 4 (7.3%)

C-reactive protein (6)a Normal 2 (3.6%)
Elevated 4 (7.3%)

Notes: aRepresents the number of patients out of 55 with information provided for this particular parameter.

Table 3 Cerebrospinal Fluid, Imaging Examination and Electroencephalogram Examination 
of 55 Patients with TSIAM

Parameter Value

Cerebrospinal fluid (CSF)
Glucose (50)a Normal 47 (85.5%)

Elevated 3 (5.5%)

Protein (53)a mg/dl 114 (34, 1144)b

Normal 7 (12.7%)

Elevated 46 (83.4%)

White blood cells (51)a Normal 6 (10.9%)
Elevated 45 (81.8%)

/mm3 158 (0, 5000)b

Lymphocyte (22)a % 23 (1, 84)
Mononuclear cells (16)a % 16 (4, 100)

Polymorphonuclear leukocytes (35)a % 77 (0, 100)
Normal 1 (1.8%)

Elevated 34 (61.8%)

(Continued)
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level of 77% (0, 100). The red blood cell count was increased in 18 patients (32.7%) and normal in 4 patients (7.3%). The 
cerebrospinal fluid was cloudy in 3 (5.5%) of the eight patients reported. Lumbar puncture documented a normal opening 
pressure in 9 patients (16.4%) and an opening pressure of 250 mmH2O in one patient (1.8%).

Electroencephalogram
Six patients (10.9%) underwent an electroencephalogram (EEG) examination, of whom four patients (7.3%) showed 
encephalitis, epidural activity, global dysfunction and continuous left greater than right frontal slowing.

Imaging Examination
The imaging examinations of 55 patients are summarized in Table 3. Computed tomography (CT) examination of 31 
patients showed normal density (30 cases, 56.4%) and hypodensity throughout the cerebral white matter (1 case, 1.8%). 
Magnetic resonance imaging (MRI) of 10 patients showed white matter abnormalities in 2 patients (3.6%).

Treatment and Prognosis
All 55 patients finally stopped using TMP-SMX, and 41 patients (74.5%) were given empirical antibiotic treatment. 
Fifty-three patients (96.4%) recovered completely at a median time of 2 days (range 1, 60), 1 patient (1.8%) did not 
report their outcome, and 1 patient (1.8%) had permanent sequelae of nervous system paralysis.

Discussion
Aseptic meningitis is a rare disease with an uncertain incidence. Many cases remain undetected due to limited diagnostic 
methods. Drug-induced aseptic meningitis (DIAM) is an exclusive diagnosis.6 TSIAM is independent of age, with the 
youngest reported patient being 2.5 years old and the oldest being 90 years old.7,8 Most patients usually develop 
symptoms within 24 hours of first exposure to TMP-SMX, but one patient was reported to have been taking TMP/SMX 
for 3 months before symptoms developed.9 The time until meningitis occurrence after re-exposure to TMP-SMX was 
shorter than that after the first exposure to TMP-SMX.

Table 3 (Continued). 

Parameter Value

Red cell count (22)a Normal 4 (7.3%)

Elevated 18 (32.7%)
/mm3 7.5 (1, 468)b

Appearance (8)a Clear and colorless 5 (9.1%)

Cloudy 3 (5.5%)
Intracranial pressure (10)a Normal 9 (16.4%)

Elevated 1 (1.8%)

Electroencephalogram (6)a Normal 2 (3.6%)
Encephalitis 1 (1.8%)

Continuous left greater than right 1 (1.8%)

Frontotemporal slowing
Episodic activity 1 (1.8%)

Global dysfunction 1 (1.8%)

Imaging examination Computed tomography 31 (56.4%)
Normal 30 (54.5%)

Subtle hypodensity 1 (1.8%)

Magnetic resonance imaging 10 (18.2%)
Normal 8 (14.5%)

Diffuse white matter abnormalities 2 (3.6%)

Notes: aRepresents the number of patients out of 55 with information provided for this particular parameter. 
bMedian (minimum-maximum).
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TSIAM is more common in women than in men. This may be because autoimmune diseases are more common in 
women, and it may be that women are also more susceptible to DIAM.10 Another possibility is that women have 
significantly more urinary tract infections than men, and TMP-SMX is the first line of treatment.11 DIAM is more likely 
to occur in patients with autoimmune conditions, mainly SLE.5,12 It is estimated that up to 60% of SLE patients have 
inflammation-related central nervous system symptoms at some stage of their disease that predispose them to DIAM.3 

SLE is a typical immune complex-mediated disease that may be related to the specific binding of IgG antibodies to drugs 
and their metabolites in CSF.3 In addition, it may be that alterations in adhesion molecules play a role in directing 
leucocytes to the CNS, resulting in DIAM.

TSIAM can present with symptoms similar to those in other types of meningitis, including fever, headache, nausea, 
vomiting, altered mental status and meningeal symptoms, although many other rare manifestations may also occur. 
Notably, both TMP and SMX in TMP-SMX have the potential to induce aseptic meningitis. In patients with a history of 
TSIAM, TMP-SMX and its component drugs should be avoided whenever possible. For the diagnosis of TSIAM, the 
available methods are limited. It may be unethical to rechallenge patients with TMP-SMX. CSF analysis in TSIAM is 
variable. There are 100–2000 white blood cells per microliter, with PMN predominance. It is not clear whether the white 
blood cell count in aseptic meningitis is related to the type or severity of the drug. Lymphocytes and eosinophils are also 
present in a small number of patients. Proteins in the CSF are usually elevated, while the glucose levels remain normal. 
The results of CSF analysis, as well as the associated time for symptoms to resolve after discontinuation, suggest 
a diagnosis of TSIAM. Previous exposure to TMP-SMX resulting in similar symptoms can further increase the diagnostic 
accuracy.

The pathophysiology of TSIAM has not been fully elucidated. One hypothesis is that the lipophilicity and low 
molecular weight of TMP-SMX allow it to cross the blood brain barrier and may also cause direct chemical stimulation 
of the meninges.13 Another hypothesis is type III (immune complex-mediated) or type IV (delayed) hypersensitivity to 
the meninges.14 Sulfonamide drugs and intermediates combine with proteins or peptides to form pro-hapten, which is 
recognized by T lymphocytes. In addition to hypersensitivity, the p-i concept may also play a role in TSIAM, which 
involves the direct recognition of drugs or metabolites by T-cell receptors.15

There are no clear guidelines for drug-induced aseptic encephalitis. Many patients with meningitis are initially treated 
with empiric antimicrobial agents. Symptoms of DIAM usually resolve soon after discontinuation of the drug. In patients 
with TSIAM, symptoms usually resolve within 2 to 3 days, consistent with the serum half-lives of TMP and SMX.6 One 
patient with systemic lupus erythematosus had neurological sequelae of permanent paralysis because it may provoke 
recurrent CNS relapses of their autoimmune disease.16 Ultimately, 96% of patients made a complete recovery.

Limitations
There are some limitations in this study. The sample size was small, and we excluded patients who did not have their 
CSF examined. The data are mainly based on case reports and case series and are incomplete in many case reports. 
Examples include previous allergies, TMP dose, degree of fever, liver and kidney function, and follow-up. Factors such 
as simultaneous treatment with multiple drugs and the presence of underlying diseases cannot be ruled out. Further 
clinical trial data are needed to determine the clinical characteristics and risk factors for TSIAM.

Conclusion
Clinicians and pharmacists should have a better understanding of TSIAM and its severity and should conduct early 
identification and timely discontinuation of TMP-SMX to reduce morbidity. More prospective studies are needed to 
support the establishment of guidelines to help with the early diagnosis of aseptic encephalitis without subjecting patients 
to a series of costly and invasive tests.

Ethical Considerations
This study did not require an ethical board approval because the study was a retrospective study and did not involve 
sensitive personal information.
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