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Abstract
Fever without source (FWS) in infants is a frequent cause of consultation at the emergency department
and the emergence of SARS-CoV-2 could affect the approach to those infants. The aim of this study is to
de�ne the clinical characteristics and rates of bacterial coinfections of infants < 90 days with FWS as the
�rst manifestation of SARS-CoV-2 infection. This is a cross-sectional study of infants under 90 days of
age with FWS and positive SARS-CoV2 PCR in nasopharyngeal swab/aspirate, attended at the emergency
departments of 49 Spanish hospitals (EPICO-AEP cohort) from March 1st to June 26th, 2020. Three
hundred and thirty-three  children with COVID-19 were included in EPICO-AEP. A total of 67/336 (20%)
were infants less than 90 days old, and 27/67(40%) presented with FWS. Blood cultures were performed
in 24/27(89%) and were negative in all but one (4%) who presented a Streptococcus mitis bacteremia.
Urine culture was performed in 26/27(97%) children and was negative in all, except in two (7%) patients.
Lumbar puncture was performed in 6/27(22%) cases, with no growth of bacteria. Two children had
bacterial coinfections: 1 had UTI and bacteremia, and 1 had UTI. C-reactive was protein over 20 mg/L in
two children (one with bacterial coinfection), and procalcitonin was normal in all. One child was admitted
to the Pediatric Intensive Care Unit because of apnea episodes. No patients died. Conclusion: FWS was
frequent in infants under 90 days of age with SARS-CoV-2 infection. Standardized markers to rule out
bacterial infections remain useful in this population, and the outcome is generally good.

What Is Known
Fever without source (FWS) in infants is a common cause of consultation at the emergency
department, and young infants have a higher risk of serious bacterial infections (SBI). 

The emergence of the new coronavirus SARS-CoV-2 could affect the approach to young infants with
FWS in the Emergency Department. Management of those children is a challenge because
information about bacterial coinfection and prognosis is scarce. 

What is New:.

SARS-CoV-2 infection should be ruled out in young infants (<90 days of age) with FWS in areas with
community transmission. 

Bacterial coinfection rarely coexists in those infants.

 In�ammatory markers were not increased in children without bacterial coinfection. 

Outcome is good in most patients.

Introduction
Fever without source (FWS) in infants is a very common cause of consultation at the Emergency
Department (ED)[1]. Despite viral infections being the most frequent cause of FWS in children, young
infants under three months of age have a higher risk of serious bacterial infections (SBI)[1–4] than older
children. The possibility of SBI accounts for a high proportion of hospital admissions and antibiotic use
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in this age group[1, 3, 5]. Several protocols and risk models have been developed in this population in
order to individualize the management of these patients[3, 5, 6]. The emergence of the new coronavirus
SARS-CoV-2 could affect the approach to infants with FWS in the ED. 

The �rst pediatric patients with COVID-19 disease were identi�ed in January 2020 in China, and some
descriptions about disease burden in children have been published since then [7–10]. Most pediatric
cases are asymptomatic, or with mild clinical manifestations [7]. Case reports and case series are
widening the spectrum of COVID-19 in children, including descriptions of children with FWS.[11, 12]
Management of young infants with FWS and SARS-CoV-2 infection is a challenge because information
about the rate of bacterial coinfection and prognosis remains scarce.[11, 12] The aim of this study is to
describe the clinical characteristics and the rate of SBI of infants under 90 days old with FWS as the �rst
manifestation of SARS-CoV-2 infection. 

Methods
Study Design, Setting and Population

This is a cross-sectional study of less-than-90-days-old infants with FWS and SARS-CoV-2 infection
enrolled in the Prospective Epidemiological Study of COVID-19 in Children of the Spanish Pediatric
Association (EPICO-AEP), from March 1st to June 26th, 2020. EPICO-AEP is a multicenter national study
aiming to describe the COVID-19 in Spanish children.[13] Children younger than 18 years old, infected
with SARS-CoV-2, and attended at 49 hospitals were included in this registry. For this analysis, inclusion
criteria were: i) infants under 90 days old with FWS attended at ED, ii) positivity in reverse-
transcriptase polymerase chain reaction (RT-PCR) for SARS-CoV-2 in nasopharyngeal swab/aspirate. 

De�nitions and Outcome Measures

FWS was de�ned as axillary temperature-measured (at home and/or in ED) ≥38ºC in patients with a
normal physical examination and no respiratory signs/symptoms or a diarrheal process. SBI was de�ned
as isolation of relevant bacteria from blood, cerebrospinal �uid (CSF), or urine. Leukocytosis was de�ned
as white blood cells over 15.000/mm3. Lymphopenia was de�ned as a total lymphocyte count under
3,500/mm3 in children aged one week to two months old and 3,700/mm3 in children >60 days of age.
[14] Lymphocytosis was de�ned as lymphocytes over 13.100/mm3 in children under two months old and
9,600/mm3 in children 2-3 months old.[14] 

Ethics

This study has been approved by the Ethics Committee of the coordinator hospital (Hospital Universitario
12 de Octubre, Madrid, number: 20/101) and by all the other Ethics Committees from each participating
center and informed consent was obtained from the parents or guardians.

Laboratory Methods
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Con�rmed infection was de�ned as the detection of nucleic acid in RT-PCR for SARS-CoV-2. The reported
sensitivity of RT-PCR for the E gene and RdRp gene assays is 5.2 and 3.8 copies per reaction at 95%
detection probability, respectively.[15] Both genes needed to be ampli�ed in RT-PCR to report a positive
result. RT-PCR for SARS-CoV-2 was performed in each participating center.

Statistical analysis

Study data were standardized and prospectively collected by researchers from each center into an
encoded, con�dential, unique electronic database online created in REDCap (Biomed Inform, 2009).[16]
Data collected included clinical and sociodemographic variables. Continuous variables, interquartile
ranges (IQR), and medians were presented in the case of non-normally distributed variables and means
and standard deviations when variables were normally distributed. The denominator for each percentage
was the number of subjects within the population group, without considering missing observations,
unless otherwise speci�ed. Data were analyzed using SPSS software 20.0 (IBM Corp., Armonk, NY, USA).

Results
By June 26th, 336 children infected with SARS-CoV-2 had been included in the registry. A total of 67/336
(20%) were infants less than 90 days old. Among those infants, 27/67 (40%) showed FWS as the �rst
manifestation of SARS-CoV-2 infection. Epidemiological and clinical characteristics of these
infants are summarized in Table 1. The median age at presentation was 26 days (IQR, 16-40).
Distribution of the age in days is presented in Figure 1. Sixteen out of 27 (59%) had household contact
with a con�rmed COVID-19 case (see Table 1). Five out of 27 (15%) children had comorbidities: two were
preterm infants (35 and 36 weeks of gestational age), one had congenital heart disease, one
phenylketonuria, and one Swachman-Diamond Syndrome. This last was diagnosed during the admission
with FWS. A total of 24/27 (89%) were admitted to the hospital. RT-PCR for SARS-CoV-2 in
nasopharyngeal swabs or aspirates detected viral nucleic acid at admission in 26/27 (93%), and one
child with negative RT-PCR had a positive RT-PCR in a second sample 48 hours after admission.
Seven infants had at least one RT-PCR test during the follow-up; 5/7 became negative. Two children had
a negative second RT-PCR 3 and 60 days after the �rst positive RT-PCR. Three infants had a third negative
RT-PCR after two positive RT-PCR (negative RT-PCR 10, 12 and 14 days after the �rst positive RT-PCR).
Two children that were retested only once (two days and nine days after the �rst RT-PCR), the RT-PCR
were still positive.

The median temperature at admission was 38.1ºC (IQR, 37.5-38.4), and the median time of fever before
ED admission was one day (IQR, 0-1). At admission, median transcutaneous oxygen saturation with room
air was 98% (IQR, 97-99). The main laboratory results are summarized in Table 2. Median values of C-
reactive protein (CRP) and procalcitonin (PCT) at admission were 1.9 mg/L (IQR, 0.6-5) and 0.12 ng/mL
(IQR, 0.1-0.15), respectively. Only two cases presented a CRP over 20 mg/L. One of them was the infant
with the Swachman-Diamond Syndrome that presented bacterial coinfection described below. The
second one was a 27-day-old boy with CRP of 64.8 mg/L, but without bacterial infection found in any of
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blood, urine, or CSF cultures. No infant showed PCT over 0.5 ng/mL. No infants presented with
leukocytosis (median; 6,010 leucocytes/mm3, IQR, 4,285-8,065) or lymphocytosis (median; 2,900
lymphocytes/mm3, IQR, 905-2,370). Notably, 68% (17/25) showed lymphopenia.

Chest X-rays (CXR) were done in six children because they developed respiratory symptoms during
admission; of them, 3/6 (50%) showed pulmonary in�ltrates. Three of them needed oxygen
supplementation with nasal cannula, but there was no correspondence between oxygen needs and the
presence of in�ltrates.

Blood cultures were performed in 24/27 (89%) children and were negative in all but one, who presented
a Streptococcus mitis bacteremia. The remaining three infants without blood cultures did not receive any
antibiotics and showed no complications. RT-PCR for 16 respiratory viruses was performed in six children
and was negative in all of them.

Urine dipstick was performed in 25/27 (93%) infants, and 2/25 (8%) patients showed leukocyturia. Urine
culture was performed in 26/27 (97%) children and was negative in all, except in 2 patients (7%) patients.
One child had urine culture with growth of Escherichia. coli (>50.000 UFC/mL) and another, who also had
a positive blood culture with growth of S. mitis, had Enterobacter cloacae (>100,000 UFC/mL). Both
samples were obtained from urethral catheterization; only the �rst of them showed leucocytes in urine
dipstick.

Lumbar puncture was performed in 6/27 (22%) cases, with no growth of bacteria in any case. PCRs for
Virus Herpes Simplex or Enterovirus were performed in three and four patients, respectively, and all were
negative. One 21-day-old girl presented pleocytosis (45 cells/mm3). RT-PCR in CSF did not detect viral
nucleic acid of SARS-CoV-2.

Therefore, 2/27 (7%) children had bacterial coinfections detected. One child, previously mentioned, with
neutropenia and Swachman-Diamond Syndrome, who presented S. mitis bacteremia and leukocyturia
with E. cloacae in urine culture, had a CRP of 32.4 mg/L. The other case was a 1-month-old infant
with E. coli in urine culture (without leukocyturia), CRP of 4.1 mg/L, and PCT of 0.2 ng/ml who was
admitted to the Pediatric Intensive Care Unit (PICU) due to apnea episodes. 

Intravenous antibiotics were empirically administered in 10/27 (37%) children, being ampicillin plus
gentamycin the most common combination (6/10), followed by ampicillin plus a third-generation
cephalosporin (2/10), and two children with ceftriaxone alone. In addition, one child received
azithromycin as part of the SARS-CoV-2 infection treatment. No other children received any antiviral
treatment. 

The median duration of fever during admission was two days (IQR, 1-3). Six out of 27 (22%) children
required oxygen by nasal cannula because respiratory symptoms were developed during
admission. None of the remainders received other respiratory support. Only the child described above
with concomitant UTI by E. coli was admitted to the PICU because of the apneic episodes. He was also
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diagnosed with pneumonia due to the presence of radiological in�ltrate, but no mechanical ventilation
was needed. 

Final diagnoses after discharge were FWS (21/27; 77%), viral pneumonia (4/27; 15%) and upper
respiratory tract infection (2/27; 7%) (Table 3). No patient died or showed any sequelae at discharge.

Discussion
In this study, FWS was a common feature present in infants under 90 days old with SARS-CoV-2
infection. First communications of COVID-19 in infants were limited to mild respiratory symptoms, but
new presentations have been described as the pandemic has progressed [7, 17–21]. FWS in young
infants has recently been described as part of the spectrum of COVID-19[11, 12]. As several viral
infections, SARS-CoV-2 may be responsible for FWS in young infants, so SARS-CoV-2 should be ruled out
in areas with community transmission[1, 3, 4].

In this study, 2/27 (7%) infants with FWS and SARS-CoV-2 infection were associated with bacterial
infections. Two UTIs were observed in two patients; one of them with apneic episodes, and the other with
also a S. mitis bacteremia. This last child was diagnosed after this episode with Swachman-Diamond
Syndrome and severe neutropenia, so he had a high risk of invasive bacterial infection. Otherwise, no
other SBI occurred. SBI in under-90-day-old infants occurs in 5%-15% of the cases in FWS[1, 3, 22].
Differentiating which children with FWS have SBI may be challenging, mainly in young infants. Several
algorithms based on analytical and clinical variables have been developed throughout the years to
differentiate infants with low- and high-risk of having SBI [1, 3, 22]. Rapid tests to identify some of the
most frequent viruses like in�uenza or respiratory syncytial virus are usually included in the initial
approach of the FWS because SBI occurrence is signi�cantly lower in infants with viral infections than in
infants without viral infection[1, 2, 4, 23]. Accordingly, the approach to young infants with FWS in the ED
during a SARS-CoV-2 pandemic or outbreak should include the detection of SARS-CoV-2 in the initial
microbiological study.

On the other hand, UTI was observed in this series according to previous studies where UTI prevalence is
more than 5% in infants with FWS and a con�rmed viral infection. Detection of SARS-CoV-2 should not
lead to automatically rule out SBI. Infants can shed respiratory viruses for several days after the disease
is solved [24–27], which can induce a misclassi�cation of children. In this study, one child tested positive
for RT-PCR several days after diagnosis. It is unclear if this test means that the child was infective, or if
we detected only residual nucleic acid. Some of the infants who presented positive RT-PCR at admission
might have undergone the infection days before. Serological tests that would con�rm this in some
infants were not available.

Viral coinfections were not observed in this study. However, only six children had a test performed for
other viruses different from SARS-CoV-2. Due to the exceptional situation in which the hospitals were
working during the peak of the epidemic, most laboratories were overloaded, and the COVID-19 study was
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prioritized. The prevalence of viral coinfections in this speci�c population and the implications in the
management at ED should be further evaluated.

In general, the evolution was good, and only one infant needed PICU admission. Three out of 6 children
studied presented pneumonia in the CXR, but only the child admitted to PICU received treatment with an
agent with presumed antiviral activity against SARS-CoV-2 (azithromycin). Even in this population of
young infants with FWS, SARS-CoV-2 infection presents a good outcome and a low rate of PICU
admission.

Lymphopenia was a remarkable feature in this population, as observed in older children and adults.[28,
29] Lymphopenia has been suggested to be an indicator of severity in COVID-19.[28, 29] However, due to
the low rate of severe cases of this series, the association of lymphopenia with severity in infants with
FWS is not evaluable.

CRP and procalcitonin were low in all children with SARS-CoV-2 infection without bacterial coinfection,
except in one infant with FWS and no bacterial isolation who showed a PCR of 64 mg/L and PCT of 0.4
ng/L. 

CRP was almost universally low, and procalcitonin was always below 0.5 mcg/mL. In this study, SARS-
CoV-2 was not associated with high CRP o procalcitonin levels, unlike in other in�ammatory syndromes
associated with COVID-19.[15, 19] Therefore, acute phase reactants seem to remain useful to evaluate the
risk of a potential SBI in young infants during COVID-19 outbreaks.

This study may be biased, as the SARS-CoV-2 test has not been done uniformly in young febrile infants
as part of a protocol, but instead guided by the case de�nition determined by the national authorities in
each step of the pandemic, and the best judgment of the attending physician. Therefore, some cases may
have been missed. Infants with comorbidities may have been tested more often, as the high proportion of
comorbidities suggest. Similarly, standardized recommendations for doing CXR at admission were not in
place. This precludes any recommendation about the convenience of doing CXR in infants with FWS and
SARS-CoV-2 infection. We had no information on maternal status before delivery, so
congenital transmission cannot be ruled out, although it is really unlikely with current evidence. Because
of the pandemic situation Microbiologic Departments were under overwork and Threshold Cycle (CT)
values were not available in this study.

In conclusion, the rate of SBI among infants less than 90 days of age with SARS-CoV2 and FWS was
similar to other viral infections in this age group.

 Standardized markers to discard SBI seem to remain useful in this population. COVID-19 should be ruled
out in infants with FWS in areas with community transmission of SARS-CoV-2, but the outcome is
generally good.

Abbreviations



Page 9/15

COVID-19: Coronavirus disease-2019

CRP: C-reactive protein

CXR: Chest x-ray

E. cloacae: Enterobacter cloacae

E.coli: Escherichia coli

ED: Emergency department

EPICO-AEP: Prospective Epidemiological Study of COVID-19 in Children of the Spanish Pediatric
Association.

FWS: Fever without source

IQR: interquartile range.

PCT:  Procalcitonin

PICU: Pediatric Intensive Care Unit

RT-PCR: Reverse-transcriptase polymerase chain reaction.S. mitis: Streptococcus mitis

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2

SBI: Serious bacterial infections
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Demographic Characteristics Count and percentage (%)

Age at presentation (days) 26 (16-40)

Male sex 17 (63)

Confirmed case in household

Both parents

Mother

Father

Grandparents

Brother/sister

Other family members

16 (59.3)

4/16 (25)

3/16 (18.8)

2/16 (12.5)

4/16 (25)

1(6.3)

2/16 (12.5)

Comorbidities

Prematurity

Immunodeficiency

Congenital heart disease

Metabolic Disorder

5/27 (18.5)

2/27 (7.4)

1/27 (3.7)

1/27 (3.7)

1/27 (3.7)

Clinical Characteristics Median (interquartile range)

Temperature at ED (ºC) 38.1 (37.5-38.4)

Total days of fever before ED admission 1 (1-2)

Heart rate (beats per minute) 156 (144-166)

Respiratory rate per minute 40 (35-48)

Oxygen saturation with room air (%) 98 (97-99)

 
Table 2. Laboratory findings at admission of 27 infants, except for alanine
aminotransferase (n=16) and procalcitonin (n=20). For microbiology results, the
denominator is specified in the table. CSF: cerebral spinal fluid; PCR: polymerase
chain reaction. 
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Laboratory findings Median (Interquartile range) and percentage
(%)

White blood cell count (per mm3) 6,010 (4,285-8065)

Total neutrophils (per mm3) 1,300 (905-2,360)

Total lymphocytes (per mm3) 2,900 (1,831-3,960)

Lymphopenia 17/25 (68)

Platelet count (per mm3) 267,000 (203,000-404,000)

Hemoglobin (g/L) 12 (11.2-15)

Alanine aminotransferase (U/L) 24 (18.5-32.3)

Creatinine (mg/dL) 0.26 (0.2-0.32)

C-reactive protein (mg/L) 1.9 (0.6-5)

C-reactive protein > 20 mg/L 2/27 (7.4)

Procalcitonin (ng/L) 0.12 (0.1-0.15)

Procalcitonin > 0.5 ng/L 0/20 (0)

Leucocytes in urine dipstick 2/25 (8)

Lumbar puncture performed 6/27 (22.2)

Pleocytosis in CSF 1/4 (25)

Microbiology  

Positive SARS-CoV-2 PCR in first nasopharyngeal
swabs/aspirates

26/27 (93)

Positive blood culture 1/24 (4)

Positive urine culture 2/26 (7.7)

Bacteria in CSF culture 0/6 (0)

Positive enterovirus PCR in CSF 0/4 (0)

Positive Virus Herpes Simplex PCR in CSF 0/3 (0)

Positive PCR 16 respiratory virus 0/6 (0)

 

 
Table 3. Evolution and outcomes of 27 infants with fever without source.
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Evolution and outcomes Median (range) or count and percentage (%)
Hospital Admission 24/27 (89)
Days of admission 4 (3-6)
Total days of fever 2 (1-3)
Intravenous antibiotics 10/27 (37)
Supplementary O2  6/27 (22.2)

Days of supplementary O2 (if required) 3 (1.75-3.75)

Pediatric Intensive Care Unit admission 1/27 (3.7)
Mechanical ventilation 0/27 (0)
Complications

Apnea episodes
1/27 (3.7)
1/27 (3.7)

Death 0/27 (0)

Figures

Figure 1

Distribution of age of young infants with fever without source and SARS-CoV-2.


