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Introduction: Fever without a focus is a common reason for medical evaluations,
hospitalizations, and the antimicrobial treatment of infants younger than 90 days.
The presence of cerebrospinal fluid (CSF) pleocytosis could be challenge for
clinicians who treat febrile young infants with urinary tract infection (UTI). We
evaluated the factors associated with sterile CSF pleocytosis and the clinical
outcomes of the patients.
Methods: A retrospective review of patients aged 29–90 days with febrile UTIs
who underwent a non-traumatic lumbar puncture (LP) at Pusan National
University Hospital from January 2010 to December 2020 was conducted. CSF
pleocytosis was defined as white blood cell (WBC) counts ≥9/mm3.
Results: A total of 156 patients with UTI were eligible for this study. Four (2.6%) had
concomitant bacteremia. However, no patients had culture-proven bacterial
meningitis. In correlation analysis, although weak strength, CSF WBC counts
were positively correlated with C-reactive protein (CRP) level (Spearman r=0.234;
P=0.003). Thirty-three patients had CSF pleocytosis [21.2%; 95% confidential
interval (CI), 15.5–28.2]. The time from fever onset to the hospital visit,
peripheral blood platelet counts, and CRP level at admission were statistically
significant in patients with sterile CSF pleocytosis compared to those without
CSF pleocytosis. In the multiple logistic regression, only CRP was independently
associated with sterile CSF pleocytosis (cutoff, 3.425 mg/dl; adjusted odds ratio,
2.77; 95% CI, 1.19–6.88). The proportion of fever defervescence by hospital day
2 was 87.9% in patients with CSF pleocytosis and 89.4% in those without CSF
pleocytosis (P= 0.759). There was no statistical difference in the fever
defervescence curves between the two patient groups (P= 0.567). No patients
had neurological manifestations or complications.
Conclusions: Coexisting sterile CSF pleocytosis among febrile infants with UTIs
suggest a systemic inflammatory response. However, the clinical outcomes
between the two groups were similar. A selective LP should be considered in
young infants with evidence of UTI, and inappropriate antibiotic therapy for
sterile CSF pleocytosis should be avoided.
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1. Introduction

Fever without a focus is a common reason for medical

evaluations, hospitalizations, and the antimicrobial treatment of

infants younger than 90 days (1). Serious bacterial infections

occur in 7%–13% of neonates and young infants with fever. In

febrile young infants, urinary tract infections (UTIs) are the most

common bacterial infections (5%–13%), and the reported

prevalence of bacteremia associated with UTI ranges from 4% to

10% (1–4). In theory, young infants with bacteremia are at risk

for the hematogenous dissemination of pathogenic bacteria to the

central nervous system (2). However, previous studies found that

the risk of bacterial meningitis associated with UTI was low in

febrile young infants (5–20). In a systematic review and meta-

analysis, the prevalence of bacterial meningitis among infants

aged 29–60 days with positive urinalysis results ranged from

0.25% to 0.44% (18).

Despite the low prevalence of coexisting bacterial meningitis,

the majority of febrile young infants undergo lumbar puncture

(LP) to obtain cerebrospinal fluid (CSF) samples regardless of the

urinalysis results. The need for LP among young infants with a

presumptive UTI has been questioned for decades (4, 12, 21, 22).

LP is an invasive procedure and is not always successful in

young infants. The rate of failure or traumatic LP in infants

younger than 90 days was reported to range from 20% to 50%

(4). Furthermore, sterile CSF pleocytosis is not infrequently

observed in young infants with febrile UTIs who undergo LP,

occurring in 18%–29% of patients in several studies (13, 15). The

presence of CSF pleocytosis can be another challenge for

clinicians who treat febrile young infants with abnormal

urinalysis results, and those with CSF pleocytosis are likely to

receive prolonged intravenous or unnecessary additional

antibiotic therapies, even after culture-proven UTIs and negative

CSF culture results are confirmed (7, 13, 20). However, very few

studies on the clinical predictors of sterile CSF pleocytosis or

clinical outcomes in this population have been conducted (7, 13,

14). This information could help the clinician in decision-making

regarding performing LP and appropriate management for febrile

infants aged 29–90 days with abnormal urinalysis results.

The aims of this study were to investigate the prevalence of

bacterial meningitis and sterile CSF pleocytosis among febrile

infants 29–90 days of age with UTIs. In addition, we evaluated

the factors associated with sterile CSF pleocytosis in those

patients and compared the clinical outcomes according to the

presence of sterile CSF pleocytosis.
2. Materials and methods

2.1. Study patients and definition

A retrospective, cross-sectional study was conducted at a

tertiary-care university hospital, Pusan National University

Hospital, the Republic of Korea. We investigated febrile infants

aged 29–90 days who simultaneously underwent urinalysis with
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urine culture, blood culture, and LP to evaluate fever without a

focus between January 2010 and December 2020. Of these,

infants diagnosed with UTI were eventually included in this

study. The presence of fever was defined as axillary or tympanic

temperature ≥38°C in the hospital or at home within 24 h.

Infants with unstable vital signs or specific symptoms and signs

other than fever at the hospital visit, those receiving antibiotics

in the preceding 48 h before cultures acquisition, and those with

traumatic LP (defined as ≥30 red blood cells/mm3 of CSF

specimen) were excluded from this study.

UTI was defined as the growth of a single urine pathogen with

≥50,000 colony-forming units/mL from catheterized specimens in

association with an abnormal urinalysis [>5 white blood cells

(WBCs) per high powered field, or positive leukocyte esterase, or

nitrite] (23). Bacterial meningitis was defined as the growth of a

single bacterial pathogen from the CSF specimen. CSF

pleocytosis was defined as ≥9 WBC/mm3 using age-specific CSF

WBC reference values (24). Concomitant bacterial meningitis or

bacteremia was defined as a positive CSF or blood culture with

the growth of the same bacterial pathogen recovered from the

urine. The following bacteria were classified as contaminants:

Bacillus, Corynebacterium, Micrococcus, Propionibacterium, and

coagulase-negative Staphylococcus.
2.2. Data collection

We collected data on patient demographics, past medical

history, onset time of fever, and general appearance of the

patients (presence of decreased activity, inconsolability, mottling,

or cyanosis) (25) at the initial visit. The laboratory data included

the following: peripheral blood WBC count, absolute neutrophil

count (ANC), platelet count, C-reactive protein (CRP), urinalysis,

CSF analysis (cell counts, protein, and glucose), and bacterial

culture results (urine, blood, and CSF). The results of imaging

studies such as renal and bladder ultrasonography (RBUS) or

renal scintigraphy were also collected. The clinical outcome

variables were fever defervescence by hospital day 2, length of

hospital stay, and neurological complications. The defervescence

day was defined as the hospital day when the last fever occurred.

We compared demographic data, characteristics, and clinical

outcomes according to the presence of CSF pleocytosis or

concomitant bacterial meningitis.
2.3. Statistical analysis

We used descriptive statistics, including medians, interquartile

ranges (IQRs), counts, and proportions with 95% confidence

intervals (95% CIs). We divided the patients into two groups

according to the presence of sterile CSF pleocytosis, and

compared the clinical variables. Categorical variables were

compared by Fisher’s exact test. Continuous variables were

compared by the Mann–Whitney U test. Fever defervescence

curves according to hospital day between the two groups were

compared by the log-rank test. There were no missing data.
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The correlation between continuous variables and CSF WBC

counts was performed by Spearman’s correlation analysis.

Multiple logistic regression analysis was performed to assess the

independent factors associated with sterile CSF pleocytosis, and

adjusted odds ratios (aORs) and 95% CIs were calculated. We

chose potential predictors using statistically significant variables

in univariable analysis and included inflammatory markers,

regardless of statistical significance. We determined the cutoff

values that maximized the area under the receiver operating

characteristic curve. We tested for multicollinearity with variance

inflation factors and performed the Hosmer-Lemeshow test for

goodness-of-fit. Two-sided P-values of <0.05 were considered

statistically significant. Data were analyzed using Prism 9.3.1

(GraphPad Software Inc., San Diego, CA, USA).
3. Results

3.1. Patients characteristics

During the study period, 751 infants aged 29–90 days had fever

without a focus. Of these, 568 patients received urinalysis with

urine culture, blood culture, and LP at the same time. A total of

156 patients with febrile UTIs were finally eligible for this study

(Figure 1). The characteristics of the study patients are

summarized in Table 1. Three-fourths of the patients visited the

hospital within 24 h of fever onset. The median age of the

patients was 62 days (IQR, 48–72 days), and the proportion of

infants aged 29–60 days was 46.2% (72/156). All patients were

hospitalized and received parenteral antibiotic therapy. During
FIGURE 1

Flowchart of the study patients.
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hospitalization, all patients underwent one or more imaging

studies for their UTI (RBUS, 156; renal scintigraphy, 97). Forty-

four (28.2%) had grade 3 or higher hydronephrosis or acute

pyelonephritis. The most frequently isolated urine pathogen was

extended-spectrum beta-lactamase (ESBL) negative Escherichia

coli (73.1%; 114). Concomitant bacteremia was observed in four

infants (2.6%, 4/156): 4.2% (3/72) of infants aged 29–60 days;

1.2% (1/84) of infants aged 61–90 days. However, no patients

had culture-proven bacterial meningitis. Enterovirus PCR or

multiplex PCR for microbial detection in CSF specimens was

performed in 135 patients (86.5%). Enterovirus positivity was

observed in one patient whose CSF WBC count was 1/mm3.
3.2. CSF pleocytosis

Of all patients, the median CSF WBC count was 4/mm3 (range,

0–91). There was no difference in CSF WBC counts between

infants aged 29–60 days and 61–90 days (Figure 2A). In the

correlation analysis, although weak strength, CRP was positively

correlated with CSF WBC counts (Spearman r = 0.234; P = 0.003)

(Supplementary Table S1). Sterile CSF pleocytosis was observed

in 33 patients (21.1%; 95% CI, 15.5–28.2): 18.1% (13/72; 95% CI,

10.9–28.5) in infants aged 29–60 days and 23.8% (20/84; 95% CI,

16.0–33.9) in those aged 61–90 days (P = 0.435). For patients

with CSF pleocytosis, the median CSF protein value was higher

than in those without CSF pleocytosis (Figure 2B). Among

patients with CSF pleocytosis, two patients had a higher CSF

protein value than the upper limit of normal according to the
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TABLE 1 Characteristics of study patients.

N = 156
Age, days, median (range) 62 (29–90)

Sex, male (%) 129 (82.7)

Time from fever onset to the hospital visit,
median (interquartile range), hours

9 (4–21)

Abnormality in the imaging studiesa (%) 44 (28.2)

Bacteremiab (%) 4 (2.6)

Isolated urinary pathogens (%)
ESBL (+) E. coli 18 (11.5)

ESBL (−) E. coli 114 (73.1)

ESBL (+) Klebsiella species 0 (0)

ESBL (−) Klebsiella species 13 (8.3)

Enterobacter species 6 (3.8)

Others 5 (3.2)

Cerebrospinal fluid analysis
White blood cell counts, cells/mm3

Median (range) 4 (0–91)

Interquartile range 2–8

Protein, median (range), mg/dl 43.85 (19.7–111.5)

Glucose, median (range), mg/dl 61 (43–132)

Cerebrospinal fluid culture positive 0

aGrade 3 or higher hydronephrosis or acute pyelonephritis on renal and bladder

ultrasonography or renal scintigraphy.
bESBL (-) Escherichia coli (3); Enterobacter aerogenes (1). E. coli, Escherichia coli;

ESBL, extended-spectrum beta-lactamase.

FIGURE 2

Comparison of CSF parameters by age group (A) and the presence of CSF p
normal by age-specific reference. Box indicates median value and quartiles. W
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age-specific reference. One patient had concomitant bacteremia

with CSF protein and glucose values within the normal ranges.
3.3. Factors associated with the presence of
sterile CSF pleocytosis

A comparison of the clinical characteristics at admission

according to the presence of sterile CSF pleocytosis was

described in Table 2. Compared to patients without CSF

pleocytosis, patients with CSF pleocytosis had longer time from

fever onset to the hospital visit (median, 15 vs. 8 h; P = 0.037)

and higher platelet counts (median, 461,000 vs. 399,000/mm3; P

= 0.020) and CRP values (median, 4.27 vs. 2.48 mg/dl; P = 0.012).

There were no significant differences in general appearances at

the initial visit, the degree of pyuria, peripheral blood WBC

counts, and ANCs. In patients with CSF pleocytosis, the

proportion of grade 3 or higher hydronephrosis was higher but

not statistically significant (12.1% vs. 4.1%; P = 0.095).

The time from fever onset to the hospital visit, peripheral blood

WBC count, ANC, platelet count, and CRP vale were determined

to be potential predictors associated with the presence of CSF

pleocytosis. The cutoff values for the laboratory values were as

follows: peripheral blood WBC count of 15,080/mm3, ANC of
leocytosis (B). The red dotted horizontal lines indicate the upper limit of
hiskers indicate the minimum and maximum values.
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TABLE 2 Comparison of characteristics according to the presence of CSF pleocytosis.

Pleocytosis (+) N = 33 Pleocytosis (−) N = 123 P-value
Age, days, median (range) 63 (33–89) 61 (29–90) 0.711

Age 29–60 days (%) 13 (39.4) 59 (48.0) 0.435

Sex, male (%) 31 (93.9) 98 (79.7) 0.069

Premature [gestational age <37 weeks] (%) 1 (3.0) 7 (5.7) >0.999

Summer season [June-August] (%) 10 (30.3) 44 (35.8) 0.681

Not well appearancea at the initial visit (%) 18 (54.6) 60 (48.8) 0.695

Time from fever onset to the hospital visit Median (range), hours 15 (1–120) 8 (1–96) 0.037

Temperature >38.5°C before or at the hospital visit (%) 15 (45.4) 72 (58.5) 0.236

Urinalysis (%)
WBC counts, ≥30/HPF 22 (66.7) 93 (75.6) 0.373

Nitrite (+) 16 (48.5) 48 (39.0) 0.426

Laboratory findings on admission
White blood cell, /mm3, median (range) 16,450 (4,230–25,740) 14,440 (2,780–30,820) 0.455

ANC, /mm3, median (range) 6,847 (1,936–16,988) 6,421 (1,109–19,970) 0.622

Platelet, ×103/mm3, median (range) 461 (233–994) 399 (108–1,000) 0.020

C-reactive protein, mg/dl, median (range) 4.27 (0.15–28.46) 2.48 (0.0–15.11) 0.012

Bacteremia (%) 1 (3.0) 3 (2.4) >0.999

Hydronephrosis ≥grade 3 (%) 4 (12.1) 5 (4.1) 0.095

aPresence of decreased activity, inconsolability, mottling, or cyanosis.

HPF, high power field; ANC, absolute neutrophil count.

TABLE 3 Factors associated with the presence of sterile CSF pleocytosis at
the initial diagnosis.

Variables Adjusted odds ratio
(95% CI)

P-
value

Time from onset of fever to hospital
visit ≥12 h

1.31 (0.56–3.03) 0.533

White blood cell >15,080/mm3 1.32 (0.45–3.89) 0.606

Absolute neutrophil counts >6,710/
mm3

1.03 (0.35–2.97) 0.958

Platelet >415,500/mm3 1.92 (0.84–4.49) 0.122

C-reactive protein >3.425 mg/dl 2.77 (1.19–6.68) 0.019

CI, confidential interval; hrs, hours. Multiple logistic regression analysis was

performed with the Hosmer-Lemeshow test (P=0.984) and the variance

inflation factor of all variables was between 1 and 2.

FIGURE 3

Comparison fever defervescence curves between the patients with and
without CSF pleocytosis. The vertical bars indicate 95% confidence
intervals.

Moon et al. 10.3389/fped.2023.1196992
6,710/mm3, platelet count of 415,500/mm3, and CRP of 3.425 mg/

dl (Supplementary Figure S1). In the multiple logistic regression

analysis (Table 3), only CRP was an independent factor

associated with sterile CSF pleocytosis (aOR, 2.77; 95% CI, 1.19–

6.88; P = 0.019).
3.4. Clinical outcomes

There was no significant difference in defervescence after

hospitalization according to the presence of CSF pleocytosis.

Fever subsided within 24 h in the majority of the patients. The

proportion of patients with fever defervescence by hospital day 2

was 87.9% in those with CSF pleocytosis and 89.4% in those

without CSF pleocytosis (P = 0.759). There was no statistical

difference in defervescence curves between the two patient

groups (Figure 3; hazard ratio, 1.06; 95% CI, 0.72–1.57; P =

0.567). The median duration of hospitalization was 7 days

(range, 4–21) in all patients, and there was no difference between
Frontiers in Pediatrics 05
the two groups. Among all study patients, no patients had

neurological manifestations during hospitalization or

complications after hospital discharge.
4. Discussion

In our study of 156 infants aged 29–90 days with febrile UTIs,

no patient had concomitant bacterial meningitis. Sterile CSF

pleocytosis was observed in 21.2% (29–60 days, 18.1%; 61–90

days, 23.8%). CRP was the only independent factor associated

with CSF pleocytosis. Clinical outcomes were similar regardless

of CSF pleocytosis, and no patients had neurological complications.

Consistent with our findings, several recent studies showed that

the prevalence of bacterial meningitis in young febrile infants with
frontiersin.org
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positive urinalysis results was very low. A systematic review and

meta-analysis of 20 studies noted that the pooled prevalence of

bacterial meningitis was 0.25% (95% CI, 0.09–0.70) among 3,868

infants aged 29–90 days with evidence of UTI (18). In another

systematic review and meta-analysis of 17 distinct international

data-sets, the prevalence of culture-proven meningitis was 0.44%

(95% CI, 0.25–0.78) among 2,703 infants aged 29–60 days with

positive urinalysis results. This prevalence was not higher than in

infants with negative urinalysis results (0.50%; 95% CI, 0.33–

0.76) (17). Mahajan et al. explored the risk of bacteremia or

meningitis in non-toxic appearing febrile infants ≤60 days old

with positive urinalysis results (19). The risk of bacteremia was

greater in those with positive urinalysis results compared to

negative urinalysis results [5.8% (63/1,090) vs. 1.1% (69/6,090)],

but there was no difference in meningitis risk between the two

groups (0.4% vs. 0.6%). No cases of bacterial meningitis (0/697)

were found in infants 29–60 days old with positive urinalysis

results, whereas 0.2% of those with negative urinalysis had

meningitis (9/4,153). These studies suggest that having a UTI

does not increase the probability of bacterial meningitis, and LP

is not essentially needed in the evaluation of fever in young

infants with a presumptive UTI beyond the neonatal period. The

American Academy of Pediatrics (AAP) guidelines recommend

performing LP on well-appearing febrile infants 29–60 days old

with positive urinalysis results, if any inflammatory markers level

are abnormal (procalcitonin >0.5 ng/ml or fever of >38.5°C in

combination with CRP≥ 20 mg/L or ANC > 4000, >5200 per

mm3) (4). Among febrile infants aged 29–60 days with UTI in

our study, the proportions of patients with abnormal

inflammatory markers in the AAP guidelines (fever of >38.5°C in

combination with CRP≥ 20 mg/L or ANC > 5200 per mm3) were

similar between well-appearing term infants and the other

infants (40.0% vs. 45.2%, P = 0.810; Supplementary Table S2).

However, our study patients were heterogenous, and the

prevalence of bacteremia in our study was lower than in

previously reported studies. In addition, although we evaluated

general appearance based on the pediatric assessment triangle

(25), the possibility of subjective judgment could not be ruled out.

Although UTI is rarely associated with bacterial meningitis,

sterile CSF pleocytosis is relatively common in young infants

with UTIs who undergo LP (6–11, 13, 15). In a systematic

review, the prevalence of sterile CSF pleocytosis in infants aged

29–90 days with evidence of UTI ranged from 0% to 29% (17).

Direct comparisons with this study are limited because the

definition of CSF pleocytosis, the inclusion or exclusion of

traumatic LP, the correction of traumatic LP, and the range of

ages varied between studies. Thomson et al. used the same

definition of CSF pleocytosis as this study (≥9 WBC/mm3) but

made no mention of traumatic LP. The prevalence of CSF

pleocytosis was 29.1% (95% CI, 26.0–32.4) in infants aged 29–60

days (15). In Adler-Shohet et al., the rate of CSF pleocytosis

among infants aged 31–90 days (>10 WBC/mm3; including

traumatic LP with correction) was 15.9% (95% CI, 10.4–23.3) (7).

The etiology of sterile CSF pleocytosis in febrile infants with

UTIs has not been well established. Sterile CSF pleocytosis with

UTI might be caused by undiagnosed coexisting viral infections,
Frontiers in Pediatrics 06
such as enterovirus (6, 7). A few studies reported concomitant

enteroviral meningitis in febrile infants with UTIs (7, 14). A

multicenter retrospective study of infants aged 29–60 days with

febrile UTIs showed that the proportion of the enteroviral season

was higher in infants with sterile CSF pleocytosis than in those

without (50.9% vs. 42.1%; P = 0.02) (13). However, consistent

with our study results, several studies noted that UTI with sterile

CSF pleocytosis did not occur more frequently in any particular

month or during the enteroviral season (7, 14). Thus, enteroviral

coinfection is insufficient as an explanation for sterile CSF

pleocytosis in febrile young infants.

A plausible hypothesis for sterile CSF pleocytosis is that

systemic inflammation and cytokine release resulting from

bacterial UTI might cause meningeal inflammation and lead to

CSF pleocytosis (7, 13, 20). Peripheral blood WBC counts,

ANCs, CRP, and procalcitonin values are useful inflammatory

markers that can be easily used in many clinical settings.

Schnadower et al. identified the risk factors for sterile CSF

pleocytosis in a large sample of febrile infants aged 29–60 days

with UTI using multivariable statistical methods. Only peripheral

blood WBC count was an independent risk factor (cutoff,

≥15,000/mm3; aOR, 1.97; 95% CI, 1.32–2.94), but CRP was not

included in their analysis (13). Our study included WBC counts,

ANCs, and CRP values as the variables in the multiple logistic

regression analysis. The only independent factor associated with

sterile CSF pleocytosis was CRP value (cutoff, >3.425 mg/dl;

aOR, 2.77; 95% CI, 1.19–6.88). Abnormal inflammatory marker

results in infants with CSF pleocytosis may cause concerns about

the possibility of missing a diagnosis of bacterial meningitis even

if the CSF culture is negative. However, several studies including

our study showed that bacterial meningitis was rare and clinical

courses and outcomes were similar regardless of sterile CSF

pleocytosis in young infants >28 days old with a presumptive

UTI (6, 7, 13, 19, 20, 26). These findings may support the

preference for antibiotic therapy without LP in febrile young

infants with positive urinalysis results beyond the neonatal

period if patients have no high-risk medical history and stable

vital signs.

Our study had several limitations. First, it was a retrospective

single-center study, which introduces selection bias and concerns

about incomplete data. Second, data on viral tests than

enterovirus on CSF specimens were insufficient. Third, although

based on univariable analysis, the potential predictors associated

with CSF pleocytosis were focused on inflammatory markers.

However, we applied criteria and definitions based on clinically

accepted consensuses. While some previously published studies

included patients with traumatic LP or those with negative urine

culture results, our study included only patients with culture-

proven UTIs and non-traumatic LPs. Furthermore, we evaluated

the independent predictors associated with sterile CSF pleocytosis.

In conclusion, the overall risk of UTI and concomitant

bacterial meningitis was very low in febrile infants aged 29–90

days. Sterile CSF pleocytosis was frequently observed in those

with UTIs. Although coexisting sterile CSF pleocytosis with UTI

may suggest a systemic inflammatory response, it did not seem

to worsen clinical outcomes in healthy infants. The performance
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of LP in young infants with evidence of UTIs should be decided

prudently, and inappropriate antibiotic therapy for sterile CSF

pleocytosis should be avoided.
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