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BACKGROUND: Patients with schizophrenia, bipolar disorder, and major 
depressive disorder (MDD) have increased infections. We explored the 
association between recent antimicrobial exposure and acute psychiatric 
illness. 

METHODS: We performed a retrospective chart review of 267 acutely ill 
patients age 18 to 65. There were 92 patients with schizophrenia, 42 with 
bipolar disorder, 61 with MDD, and 72 with alcohol use disorders (hospi-
talized controls). Recent antimicrobial exposure was defined as occurring 
within 3 days of psychiatric hospitalization. 

RESULTS: The prevalence of recent antimicrobial exposure was significantly 
increased in acutely ill patients with schizophrenia (16%), bipolar disor-
der (21%), and MDD (18%) compared with patients who had alcohol use 
disorders (4%, P ≤ .01 for each). After controlling for potential confound-
ers, participants with schizophrenia or mood disorders were 5 to 7 times 
more likely to have recent antimicrobial exposure than participants with 
alcohol use disorders (schizophrenia: odds ratio [OR] = 4.5, 95% confi-
dence interval [CI] 1.0-21.0, P = .053; bipolar disorder: OR = 6.9, 95% CI 
1.3-35.7, P = .022; MDD: OR = 5.7, 95% CI 1.2-28.3, P = .032). Among partic-
ipants with mood disorders, the association was stronger for participants 
with depression and affective psychosis compared with participants with 
alcohol use disorders. 

CONCLUSIONS: We found an increased prevalence of recent antimicrobial 
exposure in acutely ill patients with schizophrenia and mood disorders. 
The findings provide additional evidence that infections are relevant to 
acute psychiatric illness.
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INTRODUCTION

Schizophrenia and mood disorders are associated with 
an increased prevalence of infections throughout the 
lifespan. Prenatal exposure to a variety of infectious 
agents, including bacteria, viruses, and the parasite 
Toxoplasma gondii, is associated with an increased risk 
of schizophrenia in offspring.1,2 Less consistent evidence 
also links exposure to perinatal infections and risk of 
bipolar disorder.3 In a nationwide Danish cohort, infec-
tions treated with anti-infective agents, including in the 
ambulatory care setting, were associated with a 1.4-fold 
increased risk of having a diagnosis of any mental dis-
order.4 In that study, the risk was higher for infections 
treated with antibiotics, and there was evidence for dose-
dependent increased risks of schizophrenia and affective 
disorders. Childhood hospitalizations for more severe 
infections are also associated with an increased risk of 
schizophrenia and mood disorders in adulthood.5-8

Patients with first-episode psychosis have a 2.5-fold 
increased risk of exposure to T. gondii (as measured by 
antibodies) compared with controls.9 There is also evi-
dence for increased risk of T. gondii infection in individu-
als with bipolar disorder.10 Another Danish cohort study 
found that patients with severe mental illness, including 
schizophrenia and bipolar disorder, are at increased risk 
of hospitalization (and re-hospitalization) for respiratory 
and urinary tract infections (UTIs).11 Patients with schizo-
phrenia and bipolar disorder also have increased infec-
tious disease mortality, including death from pneumonia 
and influenza.12-14 Polymorphisms in immune genes are 
associated with both schizophrenia and bipolar disor-
der.15 There is evidence for alterations in blood levels of 
cytokines—key regulators of the immune system—in 
patients with schizophrenia, bipolar disorder, and major 
depressive disorder (MDD).16 Some studies have reported 
decreased numbers of natural killer cells in patients with 
schizophrenia and bi polar disorder, although there are 
failures to replicate.17-19 Furthermore, patients with schizo-
phrenia may have abnormal function of neutrophils20,21 

and natural killer cells,22 which may increase susceptibility 
to infections via impaired host defense. 

Infections and acute psychiatric illness
Along these lines, infections are also associated with 
acute psychiatric illness. Previous studies have found 
an association between UTIs and acute episodes of psy-
chosis and mood disorders,23 which may be a recurrent 

phenomenon.24,25 However, recent evidence suggests 
that other types of infections may also be associated 
with acute psychiatric illness episodes. Among 602 
acutely ill (inpatient or day hospital patient) patients 
with schizophrenia, bipolar disorder, or MDD and 55 
healthy controls without current or past psychiatric 
disorders, Yolken et al26 found a significant 3.7-fold 
increased odds of antimicrobial exposure (defined as an 
antibiotic prescription within 3 days of hospitalization) 
in patients with psychiatric disorders compared with 
controls. The most common sites of infection included 
the urinary tract, skin/soft tissue, respiratory tract, and 
oral infections. In this study, we aimed to further explore 
associations between recent antimicrobial exposure 
and acute illness episodes in patients with schizophre-
nia and mood disorders.

METHODS

Study participants
Two hundred sixty-seven acutely ill participants were 
identified by chart review. Participants were from con-
secutive inpatient admissions to the Augusta University 
Adult Inpatient Psychiatry Unit from January 1, 2010, 
through December 31, 2016. One hundred seventy-two 
participants (64%) were included in a previous study of 
the prevalence of UTIs in acute psychosis.27 Acute illness 
was defined as requiring inpatient psychiatric hospitaliza-
tion. All participants were exposed to the same hospital 
environment, including staff, because our inpatient unit 
does not have separate wards for patients with different 
diagnoses. Participants were stratified into 4 groups: n = 
92 with schizophrenia, n = 42 with bipolar disorder, n = 
61 with MDD, and n = 72 with alcohol use disorders. We 
chose participants with alcohol use disorders as a hospi-
talized control group to 1) facilitate comparisons with our 
previous study of infections in acute psychosis,23 and 2) 
decrease potential residual confounding factors that may 
be associated with both psychiatric hospitalization and 
infection, including self-care, hygiene, recent sexual activ-
ity, impulsive behaviors, or access to health care. Recent 
antimicrobial exposure was defined as occurring within 3 
days of hospitalization, and stratified according to agents 
prescribed prior to admission, at the time of admission, 
or during the course of hospitalization. The study was 
approved by the Institutional Review Board of Augusta 
University, which granted a waiver of informed consent.
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Inclusion criteria. Our study included men and 
women who were age 18 to 65. Participants in the schizo-
phrenia group met DSM-IV or DSM-5 criteria for schizo-
phrenia or schizoaffective disorder. Participants in the 
mood disorders groups met DSM-IV or DSM-5 criteria for 
bipolar disorder or MDD. Participants in the alcohol use 
disorders group met DSM-IV or DSM-5 criteria for alco-
hol abuse, alcohol dependence, or alcohol use disorder, 
and the primary reason for hospitalization was alcohol 
detoxification. 

Exclusion criteria. Individuals were excluded from 
the study if they were pregnant, had an intellectual dis-
ability, had IV drug use in the past 2 weeks, or had a spi-
nal cord injury, human immunodeficiency virus (HIV), 
or multiple sclerosis. Additional exclusion criteria for 
patients with alcohol use disorders were if alcohol detoxi-
fication was not the primary reason for psychiatric hospi-
talization, or if the patient had a comorbid diagnosis of a 
psychotic or mood disorder.

Measures
Data from the electronic medical record were reviewed 
and extracted for all participants, including the admis-
sion history and physical examination, as well as the 
hospital discharge summary, by both study authors. A 
total of 341 inpatient records were screened, of which 
267 met the study inclusion criteria. The most common 
reasons for exclusion were psychiatric comorbidity in 
participants with alcohol use disorders, recent IV drug 
use, and HIV. Blood and urine tests, including a urine 
drug screen, and urine pregnancy test in females were 
part of routine admission orders for all participants. For 
all participants, demographic information (including 
age, sex, race, highest education, and marital status), 
psychiatric history, medical history, family psychiatric 
history, smoking and other substance use history, and 
admission laboratory results were recorded. The diag-
nosis for all participants was verified by the hospital dis-
charge summary, which is based on clinician interview 
and judgment. For participants with schizophrenia, we 
extracted data from the medical record on the follow-
ing psychotic symptoms (recorded as categorical yes/
no variables): 

• hallucinations
• delusions
• paranoia
• disorganized thinking and behavior
• catatonia. 

For participants with schizophrenia or mood disorders, 
we also extracted data on: 

• suicidal and homicidal ideation
• manic symptoms
• depressive symptoms.

Recent antimicrobial exposure was defined as 
occurring within 3 days of hospitalization (either before 
or after) and was determined based on the admission 
history and the electronic medication administration 
record. We chose 3 days as the definition of recent anti-
microbial exposure, because: 1) data for a longer time 
frame prior to hospitalization were unavailable and/or 
unreliable based on chart review; 2) this definition would 
still capture participants taking a short course of antimi-
crobials prior to hospitalization (eg, 3 days of antibiotics 
for uncomplicated UTI in females); and 3) antimicrobi-
als initiated >3 days after admission are likely less directly 
relevant to the hospitalization (eg, increased possibility of 
a nosocomial infection). Recent antimicrobial exposure 
was further stratified according to agents prescribed prior 
to admission, at the time of admission, or within the first 
3 days of hospitalization. 

Statistical analysis
Sample size was determined assuming a Pearson’s Chi-
square test, power of 0.80, and a significance level of .05. 
Rates of antimicrobial exposure assumed in each group 
were 0.01 in the alcohol use disorders group, and 0.05 in 
the schizophrenia, bipolar disorder, and MDD groups 
(based on Yolken et al26). Based on these assumptions, a 
sample size of 120 participants per group yields 80% power 
for detecting an odds ratio (OR) of 4.0 in the comparison of 
participant groups using a significance level of .05.  

Statistical analyses were performed using SPSS, 
version 24 (IBM SPSS, Chicago, Illinois), with signifi-
cance assessed using an alpha level of .05. Descriptive 
statistics were calculated by participant group and by 
recent antimicrobial exposure status. The association of 
demographic and clinical variables—including age, sex, 
race, smoking status, diabetes mellitus, and illicit drug 
use—as potential confounders with participant group 
was determined using Pearson’s Chi-square or one-way 
analysis of variance (ANOVA).

The association between the participant group and 
recent antimicrobial exposure was investigated using 
logistic regression. Separate regression analyses were 
performed for schizophrenia, bipolar disorder, and MDD 
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(each vs alcohol use disorders). Among patients with 
mood disorders, additional regression analyses were 
performed for participants hospitalized for depression 
as well as participants with affective psychosis. A model-
building strategy was used to arrive at a final model 
controlling for potential confounders utilizing the same 
approach as in several previous papers on this topic.27,28 
First, each individual potential confounder including 
age, sex, race, smoking, diabetes, and illicit drug use 
(cocaine, marijuana, and opiates were each considered 
separately) was assessed for its association with antimi-
crobial exposure in simple logistic regression models. 
A backward model-building strategy was then used. 
All potential confounders and participant group were 
included in a full logistic regression model. The least 
significant potential confounder was removed from the 
model and a −2 log likelihood ratio test was performed to 
examine whether the variable was needed in the model. 

Additionally, the effect of removing the potential con-
founder on the estimated OR between participant group 
and antimicrobial exposure was assessed. Variables that 
did not result in a significant −2 log likelihood ratio test 
or did not change the estimated OR between participant 
group and antimicrobial exposure were removed from 
the model. The final model resulted in those variables 
that were statistically significant confounders, changed 
the OR significantly, or resulted in a significant −2 log 
likelihood ratio test. 

RESULTS

TABLE 1 presents the demographic characteristics of the 
study sample. There were significant between-group dif-
ferences for sex, race, highest education, marital status, 
and diabetes mellitus, but not age, smoking, or illicit drug 

TABLE 1

Demographic characteristics by participant group

Variable Level
Schizophrenia  

n = 92

Bipolar 
disorder
n = 42

MDD
n = 61

Alcohol use 
disorders  

n = 72 Pa

Sex (n, %) Male 49 53% 15 36% 20 33% 48 67% <.01

Female 43 47% 27 64% 41 67% 24 33%

Race (n, %) African American 65 71% 12 29% 27 44% 23 32%
<.01Caucasian 26 28% 28 67% 32 53% 49 68%

Other 1 1% 2 4% 2 3% 0 0%

Highest education (n, %) High school graduate 
or higher

46 50% 30 81% 39 82% 54 75% <.01

Ever married (n, %) Yes 30 34% 23 56% 43 74% 48 68% <.01

No 58 66% 18 44% 15 26% 23 32%

Smoker (n, %) Yes 37 41% 17 41% 23 38% 36 50% .49

No 54 59% 25 59% 38 62% 36 50%

Diabetes (n, %) Yes 22 24% 10 24% 6 10% 4 6% <.01

No 70 76% 32 76% 55 90% 68 94%

Positive UDS (cocaine) Yes 11 13% 3 7% 6 10% 10 14% .70

No 81 87% 39 93% 55 90% 62 86%

Positive UDS (marijuana) Yes 12 14% 9 22% 8 13% 5 7% .15

No 80 86% 33 78% 53 87% 67 93%

Positive UDS (opiates) Yes 2 2% 2 5% 2 3% 2 4% .89

No 90 98% 40 95% 59 97% 70 96%

Age (mean [SD]) 40.8 (11.2) 39.6 (13.6) 43.1 (12.6) 44.1 (11.0) .16

aAge was compared between participant groups using analysis of variance. All other variables were compared using Pearson’s Chi-square test.

MDD: major depressive disorder; SD: standard deviation; UDS: urine drug screen.
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use. Participants with bipolar disorder and MDD were 
more likely to be female than those with alcohol use dis-
orders. Participants with schizophrenia were more likely 
to be of African descent, have less education, have never 
married, and have diabetes mellitus than those with 
alcohol use disorders. In all participants, a recent anti-
microbial exposure was significantly associated with sex 
(increased in females, P < .01), as well as for opiate and 
marijuana use (P < .01 for each). Otherwise, there were 
no differences in age, race, smoking, education, marital 
status, diabetes, and cocaine use based on recent antimi-
crobial exposure status. 

The prevalence of recent antimicrobial exposure 
was 16% (n = 15) in the schizophrenia group, 21% (n = 9) 
in the bipolar disorder group, 18% (n = 11) in the MDD 
group, and 4% (n = 3) in the alcohol use disorders group 
(TABLE 2). There was a significant increased prevalence 
of recent antimicrobial exposure in participants with 
schizophrenia, bipolar disorder, and MDD compared 
with participants with alcohol use disorders (P ≤ .01 for 
each). For participants with schizophrenia, the majority 
of recent antimicrobial exposures were either prior to or 
at the time of admission (83% of exposures, n = 12). For 
participants with bipolar disorder, all antimicrobial expo-
sures were either at the time of or after admission (n = 9).  
For participants with MDD, the majority of exposures 
were either at the time of or after admission (91% of 
exposures, n = 10). Two participants—1 in the schizo-
phrenia group and 1 in the bipolar disorder group—
were treated for 2 separate infections, 1 at the time of 
admission and another during the hospitalization. As 
noted above, 172 of the participants (64%) in the present 
study were included in a previous study of infections in 

acute psychosis.28 There was no difference in the preva-
lence of recent antimicrobial exposure in participants 
who were or were not included in the previous study 
(13.4% vs 16.0%, P = .59).

TABLE 3 presents both the types/sites of infections as 
well as the class of prescribed antimicrobial agents by 
participant group. In the schizophrenia, bipolar disor-
der, and MDD groups, UTIs were the most common type 
of infection. Other commonly identified sites of infec-
tion included the respiratory tract, skin, mouth, and 
other genitourinary tract. Participants were treated with 
a broad range of different antimicrobial agents, includ-
ing clindamycin, fluoroquinolones, macrolides, nitrofu-
rantoin, penicillins, sulfonamides, and tetracyclines. All 
recent antimicrobial exposures were oral agents.

TABLE 4 gives the results of the final logistic regression 
models. After controlling for potential confounding fac-
tors, participants with mood disorders were 5 to 7 times 
more likely to have recent antimicrobial exposure than 
participants with alcohol use disorders (bipolar disorder: 
OR = 6.9, 95% confidence interval [CI] 1.3-35.7, P = .022); 
MDD: OR = 5.7, 95% CI 1.2-28.3, P = .032). However, after 
controlling for potential confounding factors, partici-
pants with schizophrenia had a nonsignificant increased 
odds of recent antimicrobial exposure compared with 
participants with alcohol use disorders (OR = 4.5, 95% 
CI 1.0-21.0, P = .053). For participants with mood disor-
ders, those with depression (bipolar or unipolar, OR = 
8.5, 95% CI 1.8-41.0, P = .008) but not mania (OR = 2.8, 
95% CI 0.3-26.7, P = .359) were more likely to have recent 
antimicrobial exposure than participants with alco-
hol use disorders. Participants with affective psychosis 
(either bipolar disorder or MDD with psychotic features,  

TABLE 2

Prevalence of antimicrobial exposure by participant group

Group Antimicrobial exposure and timing
Pa 

(vs alcohol)

Yes (n, %) No (n, %)

Prior to 
admission At admission

After 
admission Total

Schizophrenia 5 5% 7 8% 4 4% 15 16% 77 84% .01

Bipolar disorder 0 0% 6 14% 4 10% 9 21% 33 79% <.01

MDD 1 2% 5 8% 5 8% 11 18% 50 82% <.01

Alcohol use disorders 0 0% 2 3% 1 1% 3 4% 69 96%  

a The prevalence of infections in the schizophrenia, bipolar disorder, and MDD groups—each vs the prevalence in the alcohol use disorders group—was compared using a  
Pearson’s Chi-square test.

MDD: major depressive disorder.
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OR = 10.1, 95% CI 2.2-46.0, P = .003) but not mania  
(OR = 2.8, 95% CI 0.3-26.7, P = .359) were more likely to 
have recent antimicrobial exposure than participants 
with alcohol use disorders. 

For participants in the schizophrenia, bipolar disor-
der, and MDD groups, we also investigated associations 
between recent antimicrobial exposure, admission lab-
oratory values, and psychiatric symptoms. Participants 
with schizophrenia and antimicrobial exposure were 
more likely to report depressive symptoms compared 
with those without this exposure (60% vs 48%, P = .020). 
Otherwise, there were no differences in laboratory val-
ues or other psychiatric symptoms for participants with 
schizophrenia. There were no differences in laboratory 
values or psychiatric symptoms in participants with 
mood disorders based on recent antimicrobial expo-
sure status.

DISCUSSION

We found an increased prevalence of recent antimicro-
bial exposure in acutely ill patients with schizophrenia 
and mood disorders compared with a hospitalized con-
trol group. After controlling for potential confounders, 
participants with schizophrenia, bipolar disorder, and 
MDD were 5 to 7 times more likely to have recent anti-
microbial exposure than participants with alcohol use 
disorders. For participants with mood disorders, asso-
ciations with recent antimicrobial exposure were sig-
nificant for participants with depression and affective 
psychosis. These participants presented with infections 
involving the respiratory tract, skin, mouth, and genito-
urinary tract that were treated with a broad range of oral 
antibiotics. Participants with schizophrenia and recent 
antimicrobial exposure were more likely to report 

TABLE 3

Infections and antimicrobial agents by participant group and UTI status

Variable
Schizophrenia   

n = 92
Bipolar disorder  

n = 42
MDD 
n = 61

Alcohol use 
disorders   n = 72

Infection (n, %)

Abscess 1 1% 1 2% 0 0% 0 0%

Cervicitis 1 1% 0 0% 0 0% 0 0%

Epididymitis 1 1% 0 0% 0 0% 0 0%

Not specified 2 2% 2 5% 3 5% 0 0%

Respiratory 1 1% 0 0% 1 2% 0 0%

Skin 1 1% 0 0% 0 0% 0 0%

Tongue 0 0% 0 0% 0 0% 1 1%

Trichomonas 1 1% 1 2% 1 2% 1 1%

UTI 8 9% 5 12% 6 10% 1 1%

None 76 84% 33 79% 50 82% 69 96%

Antimicrobial agent (n, %)

Clindamycin 0 0% 0 0% 0 0% 1 1%

Fluoroquinolone 2 2% 1 2% 3 5% 0 0%

Macrolide 2 2% 1 2% 0 0% 0 0%

Metronidazole 1 1% 1 1% 2 3% 1 1%

Nitrofurantoin 2 2% 2 5% 0 0% 0 0%

Penicillin 1 1% 1 2% 0 0% 0 0%

Sulfonamides 5 5% 2 5% 6 10% 1 1%

Tetracycline 2 2% 1 2% 0 0% 0 0%

None 77 84% 33 79% 50 82% 69 96%

MDD: major depressive disorder; UTI: urinary tract infection.
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depressive symptoms compared with those without  
this exposure.

In the present study, we controlled for multiple 
potential confounding factors, including sex, smoking, 
diabetes mellitus, and illicit drug use. Our findings are 
broadly consistent with the previous study by Yolken et 
al,26 who found a significant, 3.7-fold increased odds of 
antimicrobial exposure in patients with schizophrenia 
and mood disorders (combined). In that study, the stron-
gest association was for participants with bipolar mania 
(OR = 6.1), whereas schizophrenia was associated with 
a 2.5-fold increased odds of antimicrobial exposure. 
However, the finding did not reach statistical significance. 

We failed to find a significant association with bipo-
lar mania in the present study, although the number of 
participants was small (n = 16). We highlight several 
differences between the 2 studies. First, Yolken et al26 

included both inpatients and day hospitalized patients, 
whereas we only included inpatients. Second, Yolken et 
al26 used a healthy control group, whereas we used a hos-
pitalized control group with alcohol use disorders. Last, 
we found a higher mean prevalence of recent antimicro-
bial exposure in patients with schizophrenia and mood 
disorders (16% vs 6%).

Limitations
Our findings are based on a relatively small number 
of patients with schizophrenia, bipolar disorder, and 
MDD with recent antimicrobial exposure. Furthermore, 
data were obtained by retrospective chart review of 
the electronic medical record. This raises a possible 

misclassification bias where some participants may have 
inappropriately received antibiotics (eg, misdiagnosis of 
asymptomatic bacteriuria as a UTI, or viral respiratory 
infections treated with antibiotics), although some infec-
tions may have gone undiagnosed. Therefore, replication 
of findings in larger cohorts, ideally prospective studies 
with data on inflammatory markers and registry-based 
data on infections and antimicrobial prescriptions, is war-
ranted. We were not able to investigate potential effects of 
psychotropic medications, because data on medication 
adherence at admission were either unavailable or unre-
liable based on the chart review. Data on inflammatory 
markers, such as C-reactive protein or erythrocyte sedi-
mentation rate, were not available for participants. Thus, 
we were unable to consider associations between recent 
antimicrobial exposure and inflammation in our sample. 
This association should be investigated in future studies. 
There is evidence for alterations in inflammatory mark-
ers in schizophrenia, bipolar disorder, and MDD.16 While 
acute infections are associated with increased inflamma-
tion, it is also possible that altered inflammatory mark-
ers in psychiatric disorders might influence susceptibility 
to infections in these patients. The increased prevalence 
of recent antimicrobial exposure in acutely ill psychiat-
ric patients could also be due to residual confounding 
by an unknown or unmeasured factor, such as self-care, 
hygiene, recent sexual activity, or access to health care, 
that might have impacted these associations. 

Another important consideration is the use of partic-
ipants with alcohol use disorders as a hospitalized control 
group. In a previous study,27 we did not find a significantly 

TABLE 4

Logistic regression models of participant group on antimicrobial exposure

Participant group Final logistic regression model

OR (95% CI) for antimicrobial exposure P

Schizophrenia 4.5 (1.0-21.0) .053 a

Bipolar disorder 6.9 (1.3-35.7) .022 b

MDD 5.7 (1.2-28.3) .032 c

Depression (bipolar or MDD) 8.5 (1.8-41.0) .008  d

Mania 2.8 (0.3-26.7) .359   

Affective psychosis (bipolar or MDD) 10.1 (2.2-46.0) .003 e

aAdjusted for sex, smoking, opiate use, and marijuana use. 
bAdjusted for age and opiate use. 
cAdjusted for sex and opiate use. 
dAdjusted for opiate use. 
eAdjusted for opiate use.

CI: confidence interval; MDD: major depressive disorder; OR: odds ratio.
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increased prevalence of UTIs in participants with alcohol 
use disorders compared with healthy controls. However, 
it is possible that participants with alcohol use disorders 
may have recently engaged in behaviors that increase the 
risk of infection, although this would be expected to bias 
the association towards the null hypothesis. It is also pos-
sible that alcohol use disorders might impair immune 
function, thereby increasing susceptibility to infection, 
although this would also bias findings towards the null 
hypothesis. Furthermore, participants with alcohol use 
disorders might be less likely than healthy controls to 
seek medical care for symptoms of infection. There is 
the potential for the introduction of another, unknown, 
selection bias with an alcohol use disorder (vs healthy) 
control group. The impact of these considerations on 
the odds of antimicrobial exposure between participant 
groups is unclear. 

There was substantial overlap (64%) in participants 
included in the present study and our previous study 
of UTIs in acute psychosis.27 However, there are several 
important distinctions between the 2 studies. Our previ-
ous study27 investigated only UTIs, whereas the present 
study considered the prevalence of antimicrobial expo-
sure for any type of infection, not just UTIs. Furthermore, 
the previous study did not investigate antibiotic treat-
ment for UTI, only the prevalence of UTI based on uri-
nalysis. We did not find a difference in the prevalence of 
recent antimicrobial exposure in participants who were 
or were not included in the previous study of UTIs (13.4% 
vs 16.0%, P = .59). Therefore, the present study replicates 
and extends previous findings, suggesting an increased 
prevalence of antimicrobial treatment for multiple, dif-
ferent types of infections in acutely ill patients with psy-
chiatric disorders. 

Although smoking was included in the final logistic 
regression model for schizophrenia, neither smoking 
nor diabetes mellitus—both of which are associated with 
increased infections—were predictors of recurrent infec-
tions in any of the other regression models. One possibil-
ity is that we were statistically underpowered to detect an 
association given the relatively small sample size of the 
present study. 

Potential mechanisms
The potential mechanisms underlying the associa-
tion between infections, recent antimicrobial exposure, 
and acute psychiatric illness remain largely unknown. 
Although the present study does not explicate these 

mechanisms, several non-mutually exclusive theories 
may provide relevant insights. 

First, it is possible that psychiatric disorders result in 
physiologic changes that predispose patients to certain 
infections. There is evidence for abnormal numbers and/
or function of immune cells in patients with schizophre-
nia and mood disorders that may increase susceptibility 
to infections.17,19-21 Conversely, behavioral disturbances 
associated with acute psychosis and mood disorders—
such as decreased hygiene or increased impulsivity—
may also modulate infection risk. Iatrogenic adverse 
effects of psychotropic medications may contribute to an 
increased risk of infection. For example, antipsychotic-
associated urinary retention may increase the risk of UTI.29

Secondly, it is possible the host inflammatory 
response to infection may contribute to a worsening of 
psychiatric symptoms. We previously found that periph-
eral blood white blood cell counts predicted UTI in 
patients with acute psychosis.24,30 Cytokines, which are 
involved in an acute inflammatory response and coordi-
nate the immune response to infection, have altered lev-
els in acutely ill patients with schizophrenia and mood 
disorders.16 Interferon-gamma (IFN-gamma) may also 
worsen psychiatric symptoms by modulation of gluta-
matergic neurotransmission via the tryptophan catabolic 
pathway.31,32 Epigenetic changes in DNA methylation 
may also contribute to immune activation in acute psy-
chiatric disorders.33 

The effects of antimicrobial agents on the host 
must be also considered. There is a very uncommon but 
reported incidence of psychiatric disorders induced by 
antibiotic treatment. One review reported 103 cases of 
antibiotic-induced mania during treatment of infection.34 
We previously reported 15 cases of antibiotic-induced 
psychosis, of which 60% were found to be “highly sug-
gestive” of a causal relationship.35 Therefore, it is possible 
but unlikely that a direct effect of antimicrobial usage 
contributed to the exacerbation of psychiatric symptoms. 
However, in a more subtle fashion than “antibiomania,” 
antibiotics can alter the gut microbiome, which can 
modulate cognitive and mood states, or the pharmacoki-
netics of psychotropic medications.36,37 There is evidence 
for alterations in the fecal microbiome in patients with 
MDD34 and first-episode psychosis,38,39 and antipsychotic 
treatment is associated with changes in the microbiome 
in patients with psychosis.40 Indeed, outside of psychiat-
ric disorders, there is evidence of bidirectional associa-
tions between infections and the microbiome: alterations 
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