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SUMMARY

This retrospective cohort study aimed to determine
factors associated with adverse outcomes among febrile
young infants with invasive bacteria infections (i.e,
bacteremia and/or bacterial meningitis). Febrile infants
<60 days of age, with pathogenic bacterial growth in
blood and/or cerebrospinal fluid wereidentified by query
of local microbiology laboratory and/or electronic medical
record systems, and clinical data were extracted by
medical record review. Logistic regression analysis was
employed to determineclinical factors associated with 30-
day adverse outcomes, which were defined as death,
neurologic sequelae, mechanical ventilation, or
vasoactive medication receipt. Of the 350 included
infants, 279 (79.7%) had bacteremiawithout meningitis,
and 71 (20.3%) had bacteria meningitis. Forty-two
(12.0%) infants had a 30-day adverse outcome: 29 of 71
(40.8%) with meningitis vs 13 of 279 (4.7%) with
bacteremiawithout meningitis (36.2% difference, 95% Cl
25.1%, 48.0%; P <0.001). On adjusted analysis, bacterial
meningitis (aOR 16.3, 95% CI 6.5, 41.0; P<0.001),
prematurity (OR 7.1, 95% Cl 2.6, 19.7; P <0.001), and ill
appearance (aOR 3.8, 95% CI 1.6, 9.1; P=0.002) were
associated with adverse outcomes. The authors
concluded that among febrile infants <60 days old with
invasive bacterial infection, prematurity, ill appearance,
and bacterial meningitis (vs bacteremia without
meningitis) were associ ated with adverse outcomes.

COMMENTARIES
Evidence-based Medicine Viewpoint

Relevance: The “Febrile Young Infant Research
Collaborative” comprisesagroup of researchersbased in
leading  pediatric/neonatal  hedlthcare  research
institutions acrossthe United States of America. Inrecent
years, the group has published severa important studies
related to epidemiology, clinical features, management
issues and outcomes of young infants presenting with
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fever. In this publication [1], the group examined the
clinical records of young infants (age < 60 d) with
bacteremia/bacterial meningitis to identify one of four
outcomes within 30 days of presentation viz mortality,
neurologic sequelae, mechanical ventilation, or
vasoactive therapy. Those with any of these were
categorized as‘ adverse outcome’ and designated ‘ cases.’
Those without any of these were ‘controls.” A set of
characteristics encompassing demographic (age), clinical
(gestation at birth, presence of a chronic medical
condition, sick appearance at presentation), diagnosis
(presence or absence of meningitis) and management
(antibiotic therapy) parameters were evaluated as
potential predictors of outcome.

Critical appraisal: This retrospective analysis [1]
included several methodological refinements. Most of the
terms used in the study were very well defined through
objective criteria. Even ‘ill appearance’ was sought to be
determined objectively through identification of one or
more of 13 subjective terms from the clinical records.
Although, the precise validity of these terms can be
argued, the terms themselves convey a state requiring
medical attention.

Since the starting point was the identification of
positive bacterial culture in infants who had fever as a
symptom (at home) or sign (at presentation), the
diagnosisof bacteremiaisnot in doubt. Similarly bacteria
meningitis was defined by CSF culture showing
organisms deemed a priori to be ‘pathogens.” If CSF
culture was sterile (due to empiric antibiotic therapy),
meningitis was defined by the presence of both
bacteremia and CSF pleocytosis. However, the term
‘pleocytosis’ was not defined. Thisisimportant although
most studies use a cut-off of 10 cells/uL in infants
1-2 mo of age and 20 cellg/uL in neonates [2,3]. Again,
since the starting point was a positive culture, the
investigators did not mention how traumatic lumbar taps
werededt with.
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Oneimportant issue with this study [1] is the narrow
population group under consideration viz infants <60
days old, presenting to the Emergency Room (ER), with
fever and culture-proven invasive bacteria infection.
Each of these phrases limits the generalizability of the
study findings to the specific population group
considered. For example, the term ‘invasive bacterial
infection’ is defined by the presence of positive blood
culture (bacteremia) or positive CSF culture (bacteria
meningitis) [4,5]. Further thetermisdistinct from * serious
bacterial infection’ which is a wider term that includes
urinary tract infection [6,7], athough some authors
include pneumonia [8] and bacterial enteritis [9] or
positive stool culture[10] aswell. Thedistinctionismore
than semantic becauseit limitsthe generalizability of this
study to only infants having bacteremia and/or bacterial
meningitis. Invasive bacterial infection exists in one-
seventh [10] to one-fifth [11] cases of serious bacterial
infection. Further, serious bacteria infection itself
accounts for only 2-15% of young infants having fever
without a focus [12,13]. Hence the findings of the study
[1] arevalid only for the specific popul ation group, rather
than broader groups such as febrile infants, infants with
suspected sepsis, or suspected meningitis. Further, all
infants presented from home, and thus the study findings
are applicable only to presumably well infantswho
subsequently reported to the hospital.

In this study [1], the investigators considered only
those infants who had fever as a symptom (i.e.,on
history) or sign (i.e., on examinationinthe ER). Thus, the
study findings are not even extendible to all infants with
positive blood/CSF culture. Thisdistinctionisespecialy
important because 93 of 497 (18.7%) infantswith positive
blood/CSF culture were not included in the analysig[1]
because of the absence of fever. In a previous report by
the same research group aso, 17.6% infants did not have
fever[14)].

On the plus side, the inclusion of fever either as a
symptom or (rather than and) sign widened the scope of
inclusion. It has been shown previously that many
infants (<3mo old) with ahistory of fever (at home) arein
fact afebrile when examined in the ER. However, one
study [15] reported that the frequency of invasive
bacterial infection in those with, and without fever on
examination was exactly the same. In contrast, another
study examining the same issue concluded that infants
with fever on examination in the ER (compared to those
with only a history of fever at home) had a greater
frequency of severeaswell asinvasive bacterial infection
[6]. These data suggest that it is prudent to include fever
at home or at the hospital, as was done in this study [1].
The more serious issue in clinical practice is that
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hypothermia or normothermia (rather than fever) may be
the presenting symptom or sign in young infants with
invasive bacterial infection [16,17]. The results of this
study are obviously not applicableto such infants.

Among the four criteriafor ‘adverse events' [1], one
viz ‘neurologic sequelae’ is likely to occur more
frequently in CNS infections than non-CNS infections.
Therefore, it is not surprising that this outcome was 19
times more frequent in infants with meningitis than those
with only bacteremia (as shown in Table | of the study).
Therefore, the investigators' conclusion that meningitis
was associated with more frequent adverse events
(compared to bacteremia) could be dueto the sel ection of
an outcome skewed towards CNS infection. This is
especialy likely since mortality ratewas not significantly
different between infants with meningitis versus those
with bacteremia. This aspect was not discussed by the
authors([1].

In this retrospective analysis [1] based on
examination of laboratory and clinical records (in that
order), the criteria used by ER physicians for ordering
blood or CSF culture are unclear. Although this does not
directly impact the internal validity of the study, the
investigators previously reported variationsin thecriteria
adopted for performing CSF analysis across hospitalsin
the USA [18]. These variations were more significant in
the age group 29-60 days than neonates [19]. There are
aso dignificant inter patient variations in clinica
protocols within hospitals, with progressive decline in
the proportion of febrile young infants undergoing
laboratory testing (of blood, CSF, urine) with each month
of age [20]. Such variations are observed in other
countriesalso[21]. Further, many centres use biomarkers
(CRP, procalcitonin) and/or viral PCR studies to try and
limit the use of investigationsand/or therapy for bacterial
infections [22]. In fact, in young infants presenting with
clinical featuresof ‘sepsis’, examination of blood and CSF
for viruses such as enterovirus or human parechovirus
yielded significant positive results [23]. Even CSF
pleocytosis was present in a significant proportion with
theseviruses[23]. It has been reported that young infants
with RSV antigenemia can also have serious bacterial
infections, especially urinary tract infection [24]. Other
studies have confirmed that infants <60d old with fever
having documented viral infections can have bacteremia
aswell asbacterial meningitisasco-infections[25]. These
observations necessitate a clear understanding of which
infants underwent blood or CSF culture testing to make
better sense of the findings.

One important observation that the authors [1] did
not sufficiently highlight is that the small number of
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TABLE| CRITICAL APPRAISAL OF THE STUDY METHODOL OGY

Appraisal

Theinvestigators focused on a very specific issue neatly summarized in the first
sentence of theAbstract vizidentification of predictors of adverse outcome (within
30 days of presentation) in young infants (<60d) with fever (at home or at
presentation to the ER) who had a positive blood or CSF culture (i.e., invasive
bacterial infection). However, aresearch questionin the usual PICOT format was
not presented.

Theclinical question described above can beanswered either through aprospective
cohort study or acase control study. Theformer ismore cumbersome, permitsa
limited number of risk factorsto be explored and al so moretime consuming,
whereasthelatter overcomesthesechallenges.

Criteria

Didthestudy addressaclearly focused i ssue?

Did the authors use an appropriate method to
answer their question?

Werethe casesrecruited in an acceptableway? The cases in this analysis were infants whose records showed one of the four a
priori features. However, it is unclear whether any infants developing these
outcomes (during the 30 days following presentation) could have been missed
through migration, accessing other institutions, or failureto report to the healthcare

system. The authors did not comment on this.

Werethe controlsrecruited in an acceptableway? Controlswereinfantswhoserecordsdid not have any of thefour chosen outcomes.
The sameissuedescribed for casesisapplicableherealso.

The risk factors assessed included age <28d, premature birth, existence of a
complex chronic condition (standard published definition), ill appearance (based on
presenceof any oneof 13wordsinthe ER record), bacterial meningitis, and empiric
antibiotic therapy. Each of these‘risk factors' was ascertained through the clinical
records, hence could be considered reliable except through mis-identification, mis-
classification, etc. A sound definition of bacterial meningitis was used for the
purpose of the analysis.

Noneweredescribed.

Wasthe exposure accurately measured to
minimizebias?

What confounding factorshavethe authors
accounted for?

What are the results of this study? How
precisearetheresults?

(Cases, n=42 vsControls, n=308): Age<28d: aOR1.3 (95% Cl 0.7, 2.4); Premature
birth: aOR6.8 (95% Cl 3.3, 14.2); Complex chronic condition: aOR2.1 (95%Cl 0.9,
4.8); Il appearance: aOR6.7 (95% Cl 3.3, 13.5); Bacterial meningitis: aOR 14.1
(95% Cl 6.8, 29.3); No empiric antibiotic therapy: aOR 1.1 (95% Cl 0.2,5.1)

Theresultsarevalid and hencebelievable. However, several issuesaffectingexternal
validity and generalizability arehighlightedin thetext.

Cantheresultsbe applied to thelocal population? No. Please seedetailsin maintext.

Do the results of this study fit with other Please seedetailsinmaintext.
availableevidence?

Doyou believetheresults?

infants who were not initially administered antibiotic
therapy, ultimately required antibiotics as well as
hospitalization. This is interesting because presumably
antibiotics were initially withheld based on one or more
clinical agorithms designed for the purpose [12,26-28];
although this was not specified. The data suggest that
more accurate criteria are required for withholding
antibioticsinyounginfantswith fever.

In this study [1], the authors did not report data by
study site. This can be important not only to identify
inter-ingtitution variations but al so determine whether the
criteria for labelling cultures positive were uniform. In
general, inoculation of culture media for 36 hours is
deemed adequate to identify al positive cultures in
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young infants [29]. However, the Febrile Young Infant
ResearchCollaborative investigators previously reported
that less than 90% cultures became positive within 24
hours and only about 95% cultures were positive by 36
hours [30]. Likewise it is unclear how cultures showing
fungusweredealt with.

Extendibility: The setting where this study [1] was
undertaken, the socio-economic (i.e., home setting) and
demographic profile of infants, and the characteristics of
the healthcare system are quite different from our setting.
The organisms identified on culture and their frequency
arealso different. Further, the criteriafor starting empiric
antibiotic therapy, criteriafor undertaking investigations,
and interpretation of results have not been clarified. For
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these reasons, the data from the study [1] cannot be
directly extended to our setting.

Conclusion: This case-control study suggested that
among young infants (<60d) with fever (on history or
examination) who later turn out to haveinvasive bacterial
infection (i.e., bacteremia or bacterial meningitis), some
factors reflecting a sicker state are associated with
development of adverse events within 30 days of
presentation; although mortality rateisunaffected.
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Pediatric Emergency Medicine Expert’ s Viewpoint

Pruitt and colleagues share awell conducted study onthe
important topic of adverse outcomes with invasive
bacterial infections in infants aged below 60 days. The
authors of this large retrospective project, conducted at
11 large children's hospitals in USA, study several
important variables in the 350 eligible infants. The
association of meningitis, prematurity and ill-appearance
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with 30-day adverse outcome is certainly important
knowledge. It is particularly interesting to note that
neither age <28 days nor the presence of a complex
chronic condition were significantly associated with
adverse outcomes.

The study makes a compelling argument to — (i)
emphasize thorough examination and documentation of
the often subjective ‘ill-appearance’; (ii) understand that
although invasive bacterial infections are more common
in neonates, the adverse outcomes may not follow that
trend. This may alter the rigor of the work-up of febrile
infants 28-60 days of age. This knowledge would also be
useful in discharge planning and follow-up of infantswith
high-risk factors.

The authors thoughtfully note some limitations, and
some warrant emphasis — including the study
methodology and associated data quality, and the fact
that the patients could have presented at another hospital
and so the outcomes may have been underestimated.
Since the authors gathered information on the location of
fever, it would be good to know if the adverse outcomes
differed based on whether the infant was febrile only at
home or home and the Emergency Department.

Thereader must also consider that the generalizability
may be poor in other settings and geographical |ocations
where the leading bacterial pathogens are different.In
summary, thisisawell conducted and informative study
with potential for practice changes, abeit with some
limitationsinherent to itsretrospective nature.
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