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Abstract

This study sought to find the risk factors for primary bacteremia, endovascular infection,
and in-hospital death for patients without acquired immunodeficiency syndrome who have non-
typhoid salmonellosis. From January 1995 through September 2011, 301 patients with non-typhoid
salmonellosis were admitted to our hospital; of these patients, 121 had primary bacteremia, and 28
had endovascular infection. Of the 121 patients with primary bacteremia, 64 were aged >50 years,
and 26 had endovascular infection. Overall, 90 patients (29.9%) had immunodeficiency. Predictors of
primary bacteremia were age; presence of systemic lupus erythematosus, group B, group C, or group
D Salmonella infection; and immunodeficiency. The positive predictor of endovascular infection in
adult patients with primary bacteremia was group C Salmonella infection, and negative predictors
were immunodeficiency and solid-organ cancer. The overall in-hospital mortality rate was 12%, for
primary bacteremia, it was 24.8%, for endovascular infection, it was 14.3%. Predictors of in-hospital
death were age, extraintestinal infection, and solid-organ malignancy.
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INTRODUCTION

Non-typhoid salmonellae are widely spread in nature and are
commonly associated with certain animals (e.g., chickens and pigs). In
humans, non-typhoid Salmonella infections are most often associated with
contaminated food products (Hohmann EL et al., 2001; White DG et al.,
2001, Tirado C et al., 2001) . The major risk factors for non-typhoid
salmonellosis and bacteremia are certain immunocompromised conditions
or periods, including extremes of age, alteration of the endogenous bowel
flora of the intestine, diabetes, malignancy, autoimmune disorders,
reticuloendothelial ~ blockade, = HIV  infection, and therapeutic
immunodeficiency (Brown M et al., 2000; Shimoni Z et al., 2000; Ramos
JM et al., 2004). The occurrence of primary bacteremia (bacteremia without
associated recent gastrointestinal symptoms) is ominous and should prompt
clinicians to consider whether an immunodeficiency is present. In adults,
non-typhoid Salmonella bacteremia is even more serious. Salmonella
infection may manifest in 5 different clinical forms: asymptomatic chronic
carrier state, gastroenteritis, enteric fever, bacteremia, and extraintestinal
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localized complications (Cohen JI et al., 1997). A feared complication is the
development of endovascular infection (e.g., infective endocarditis and
infected aortic aneurysm), and the prognosis for patients with this condition
is poor (Soravia-Dumond VA et al., 2010;Veraldi GF et al., 2010; Katz SG
et al., 2002; Meerkin D et al., 2005; Oskoui R et al., 2003).

Endovascular infections are rare complications of salmonellosis.
Frequently, the diagnosis is not established until the patient has an advanced
stage of the disease. Anatomical disruptions, including atherosclerotic
endovascular lesions and prosthetic devices, may all serve as foci for
persistent Sa/monella infection. Because of the insidious onset and poor
prognosis of this condition, it is important to treat patients with non-typhoid
salmonellosis during the early stage, before the development of
endovascular infection (Oskoui R et al., 2003). Non-typhoid salmonellosis
in compromised hosts can result in bacteremia and endovascular infection,
leading to a high mortality rate. However, limited data from risk factor
analysis for endovascular infection in patients with non-typhoid
salmonellosis have been reported (Cohen PS et al., 1978). To ascertain
which patients with known Salmonella infection are most likely to have
primary bacteremia and endovascular infection, we retrospectively analyzed
the medical records for patients with non-typhoid salmonellosis from a 16-
year period.

MATERIAL AND METHOD

Patients. A retrospective analysis of the clinical and bacteriologic data for
all patients with non-typhoid salmonellosis during the period of January
1995 through September 2011 was performed. Patients were included in this
study if they had @1 culture positive for non-typhoid salmonellae. Patients
infected with Salmonella enterica serotype typhi and S. enterica serotype
paratyphi were excluded from the study.

Data collection. The medical records were reviewed, and data on
demographic characteristics (age and sex), underlying disease (systemic
lupus erythematosus, hematologic malignancy, and solid-organ
malignancy), clinical presentation (fever and diarrhea), bacteriology
(Salmonella serogroups A-E and G), and in-hospital outcome (survival or death)
were recorded. “Primary bacteremia” was defined as bacteremia without associated
recent gastrointestinal symptoms. ‘“Secondary bacteremia” was defined as
bacteremia with recent gastrointestinal symptoms (diarrhea) or a positive stool
culture result. “Immunodeficiency” was defined as suppression of the immune
system that occurred with receipt of steroid therapy, chemotherapy for malignancy,
and immunosuppressive therapy for organ transplantation.
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Bacteriology. Salmonella isolates were initially identified using
biochemical tests. Serogrouping was performed by agglutination testing
with use of antisera specific to O antigen. Serotypes were not routinely
determined.

Patients were classified into 4 groups: (1) those with intestinal
salmonellosis, who had diarrhea and a stool culture positive for salmonellae;
(2) those with extraintestinal salmonellosis, who had an extraintestinal focus
of infection and salmonellae isolated from blood culture and culture of a
sample other than a stool specimen; (3) those with primary bacteremia, who
had no focus of infection and who had a blood culture positive for
salmonellae; and (4) those with endovascular infection, who had infective
endocarditis, infected aortic aneurysm, or infection in intravascular implants
that was documented by an imaging study or a tissue culture.

Statistical analysis. Analysis was performed using the y test,
Fisher's exact test, and the Mann-Whitney U test. Stepwise logistic
regression was used to identify risk factors for primary bacteremia,
endovascular infection, and in-hospital death.

RESULTS AND DISSCUSIONS

Patients. From January 1995 through September 2011, 301 patients
with non-typhoid salmonellosis were admitted to our hospital. Of these
patients, 175 had intestinal Sa/monella infection, 39 of whom had secondary
bacteremia; 5 had focal extraintestinal infection without bacteremia; and
121 had primary bacteremia, 28 of whom had endovascular infection.
Among the 28 endovascular infections, there were 2 cases of infective
endocarditis, 25 infected aortic aneurysms, and 1 infected vascular graft of
arteriovenous fistula.

In total, there were 165 patients who had extraintestinal Salmonella
infection, including 39 patients who had secondary bacteremia, 121 patients
who had primary bacteremia, and 5 patients who had focal infection without
bacteremia. There were 43 patients who had metastatic infection, including
28 patients with endovascular infection, 3 with infected pleural effusion, 3
with postoperative wound infection, 2 with urinary tract infection, 2 with
osteomyelitis, 2 with bone marrow infection, 1 with arthritis, 1 with
pneumonia, and 1 with soft-tissue infection.

Salmonella serogroups. Three cases (1.0%) of salmonellosis
involved group A Salmonella organisms, 137 (45.5%) involved group B, 58
(19.3%) involved group C, 71 (23.6%) involved group D, 5 (1.7%) involved
group E, and 1 (0.3%) involved group G. The serogroup was unidentified in
26 cases (8.6%). The distribution of serogroups did not change during the
study period. Among 28 cases of endovascular infection, only 3 serotypes
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were identified: S. enterica serotype typhi murium, in 2 cases, and S.
enterica serotype cholerae suis, in 1 case.

Risk factor analysis. Overall, 90 patients (29.9%) had an
immunodeficiency. Table 1 shows clinical data and infectious Sa/monella
serogroups for patients who had primary bacteremia and for those who did
not. Table 1 also shows the clinical data and infectious Salmonella
serogroups for bacteremic patients who had endovascular infection and for
those who did not. Compared with bacteremic patients who did not have
endovascular infection, bacteremic patients who had endovascular infection
were older and were more likely to have underlying diseases or risk factors,
including immunodeficiency, systemic lupus erythematosus, and solid-

organ malignancy.
Table 1
Comparison between patients who have non-typhoid salmonellosis (NTS) but not primary
bacteremie (PB), those who have NTS and PB but not endovascular infection (EVI), and
those who have NTS, PB, and EVI

. . Patients with NTS . .
. Patients with NTS but Patients with NTS,

Characteristic not PB (n=180) and P]?nb:ugt;;ot EVI PB and EVI (n=28)
Male sex 101 (56) 55(59) 22 (79)
Age, mean years +/- SD 15,7+/-22,8 44 ,4+/-22 8* 61,7+/-13,1**
Salmonella serogroup
A 2(1) 1(1) 0(0)
B 87 (48) 42 (45) 8(29)
C 31 (17) 14 (15) 13 (46)**
D 32 (18) 34 37)* 5(18)
E 5(3) 0(0) 0(0)
G 1(1) 0(0) 0(0)
Not identified 22 (12) 2(2) 2(7)
Immunodeficiency 32 (18) 52 (56)* 6 (21)**
SLE 4(2) 18 (19)* 1 (4)**
Hematological 23 (13) 16 (17) 1(4)
malignancy
Solid-organ malignancy 9 (5) 28 (30)* 2 (7)**
Fever 175 (97) 92 (99) 26 (93)

Note: Data are no. (%) of patients, unless otherwise indicated. SLE=systemic lupus erythematosus
*P< .05 for patients who have NTS and PB but not have EVI vs. patients who have NTS but not PB
**P< .05 for patients who have NTS, PB, and EVI vs. patients who have NTS and PB but not EVI

Table 2 shows clinical data, infectious Salmonella serogroups, and
outcomes for adults (age REI18 years) and children with non-typhoid
salmonellosis. Adult patients had more group D and fewer group B
infections than did children. Adult patients had more underlying diseases,
including immunodeficiency, systemic lupus erythematosus, and solid-
organ malignancy; more clinical presentations of primary bacteremia,
extraintestinal infection, and endovascular infection; and a higher mortality
rate.
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Table 2
Comparison between adults (age > 18 years) and children with non-typhoid salmonellosis

(NTS
Characteristics or | No. (%) of adults | No. (%) of children P
outcome with NTS (n=160) with NTS (n=141)
Male sex 97 (61) 81 (57) 329
Salmonella serogroup
A 2(1) 1(1) .999
B 64 (40) 73 (52) .049
C 34 (21) 24 (17) 382
D 48 (30) 23 (16) 382
E 2(1) 3(2) .668
G 0(0) (1) 468
Not identified 10 (6) 16 (11) 150
Immunodeficiency 64 (40) 26 (18) <.001
SLE 20 (13) 3(2) .001
Hematological 21 (13) 19 (13) .999
malignancy
Solid-organ malignancy | 36 (23) 3(2) <.001
Fever 156 (98) 137 (97) .999
Primary bacteremia 105 (66) 16 (11) <.001
Extraintestinal infection | 122 (76) 43 (31) <.001
Endovascular infection | 28 (18) 0 (0) <.001
Death 33 (21 3(2) <.001

Note: SLE=systemic lupus erythematosus

Table 3 shows the predictors of primary bacteremia, as determined
by stepwise logistic regression. Predictors of primary bacteremia were older
age; presence of systemic lupus erythematosus; infection with group B,
group C, or group D Salmonella organisms; and immunodeficiency. Table 4
shows the predictors of endovascular infection in adult patients, as
determined by stepwise logistic regression. The positive predictor of
endovascular infection was infection with group C Salmonella organisms,
and negative predictors were immunodeficiency and solid-organ
malignancy.

Table 3
Predictors of primary bacteremia as determined by stepwise logistic regression

Predictor OR (95%CI) | SEM Z P>[Z]
Age 1.055657 0.00688 8.31 .000
SLE 4.440189 2.943173 2.25 .025
Salmonella
Serogroup B 3.633744 2.27459 2.06 .039

C 3.834823 2.562609 2.01 .044

D 5.453769 3.56788 2.59 .010
Immunodeficiency 3.086655 1.114255 3.12.002

Note: SLE=systemic lupus erythematosus
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Table 4
Predictors of endovascular infection in adults (age > 18 years) with non-typhoid
salmonellosis and primary bacteremia as determined by stepwise logistic regression

Predictor OR (95% CI) SEM Z P> [Z]
Salmonella 3.766619 2.040494 2.45 .014
serogroup C

Immunodeficiency 0.2999848 0.1640051 -2.20 .028
Solid-organ 0.1605884 0.1290742 -2.28 .023
malignancy

In-hospital outcome. Overall, 36 patients (12%) died in hospital. The in-
hospital mortality rate was 2.2% (3 of 136 patients) for intestinal
salmonellosis without secondary bacteremia, 7.7% (3 of 39 patients) for
intestinal salmonellosis with secondary bacteremia, 20% (33 of 165
patients) for extraintestinal salmonellosis, 24.8% (30 of 121 patients) for
primary bacteremia, and 14.3% (4 of 28 patients) for endovascular infection.
Table 5 shows the predictors of in-hospital death for patients with non-
typhoid salmonellosis. Predictors of in-hospital death were older age,
extraintestinal infection, and solid-organ malignancy.

Table 5

Predictors of in-hospital death as determined by stepwise logistic regression
Predictor OR (95% CI) SEM Z P> [Z]
Age 1.032214 0.0095759 3.42 .001
Extraintestinal 4.49189 2.986901 2.26 .024
infection
Solid-organ 5.503254 2.37318 3.95 <.0001
malignancy
CONCLUSIONS

In conclusion, nontyphoid Salmonella bacteremia was associated
with old age, systemic lupus erythematosus, and immunodeficiency. The
incidence of endovascular infection among adult patients with Sa/monella
bacteremia was high in Taiwan. Serogroup C salmonellae, but not systemic
lupus erythematosus or immunodeficiency, predisposed patients to
endovascular infection.
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