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Objectives We sought to compare the prevalence of serious bacterial infections (SBI; urinary tract infection,
bacteremia, and/or meningitis) and invasive bacterial infections (IBl; bacteremia and/or meningitis) among infants
with hypothermia with positive vs negative respiratory pathogen testing.

Study design We conducted a multicenter retrospective cohort study of infants <90 days presenting to an emer-
gency department or directly admitted to a hospital from September 1, 2016, to May 5, 2021, with reported or docu-
mented hypothermia (<36°C). Positive respiratory pathogen testing included positive single or multiplex nucleic acid
amplification testing. The primary outcome was prevalence of SBI, defined as positive blood, urine, and/or cerebro-
spinal fluid culture and antibiotic treatment course; the prevalence of SBI and IBI was compared between infants
with positive vs negative respiratory pathogen tests using the x? test.

Results Respiratory pathogen testing was obtained in 40.6% (446/1098) of infants with hypothermia; of those,
24.9% (111/446) had a positive respiratory pathogen result. Infants with a positive respiratory pathogen result
were more often older, ill-appearing at presentation, and evaluated during fall/winter months. The prevalence of
SBI in our cohort was 7.4%, and the prevalence of IBl was 4.5%. There were no associations between respiratory
pathogen test result and SBI or IBI.

Conclusions Most young infants with hypothermia evaluated did not have respiratory pathogen testing per-
formed. The diagnosis of SBI or IBI was not associated with a positive respiratory pathogen test. Further research
is needed to understand the utility of respiratory pathogen testing in risk stratification for infants with hypothermia.

hange in body temperature may be the only clinical

symptom of an invasive bacterial infection (IBI;

defined as bacteremia or meningitis) or serious bac-
terial infection (SBI; IBI and/or urinary tract infection [UTI])
in well-appearing young infants." The prevalence of SBI in
febrile infants <90 days of age is well characterized and ranges
from 8% to 12.5%,” * whereas the prevalence of IBI in febrile
infants <60 days of age is approximately 2.5%.” Although less
studied, infants with hypothermia have a similarly increased
risk, with a 2.1%-8.0% prevalence of culture-positive IBI
and/or SBL'? Several strategies exist to risk stratify febrile
infants based on clinical and diagnostic testing factors to
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reduce unnecessary testing, treatment, and hospitalization
of children at low risk for SBI; however, these strategies
have not been studied in the population of infants with hypo-
thermia.'>"*

Among febrile infants, positive respiratory pathogen (RP)
testing has been associated with decreased incidence of SBI
compared with those with negative testing.”'” ' These find-
ings are limited in that a positive test for any single pathogen
is not associated with a uniform reduction in risk across all
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young infant age groups or type of SBL.'*'” For example, bac-

terial infections are more likely among febrile infants with
human rhino/enterovirus (HRV) detection compared with
non-HRYV viruses.'® Recognizing this, the American Acad-
emy of Pediatrics (AAP) febrile infant clinical practice guide-
line recommends positive testing results not preclude infants
from undergoing evaluation for SBI but instead can be used
by clinicians when making individual treatment decisions in
the 29- to 60-day age group.'” Infants with hypothermia may
similarly benefit from incorporating RP testing results into
risk stratification. However, existing studies investigating
factors associated with SBI in young infants with hypother-
mia are limited by single-center study designs or varying def-
initions of hypothermia and have not included RP testing in
the modeling of SBI outcomes. Recently, we demonstrated
significant variation in the use of RP testing in evaluating
well-appearing infants with hypothermia.”

The primary objective of this study was to compare the
prevalence of SBI by RP testing results in young infants
with hypothermia presenting to the emergency department
(ED) or inpatient care. Our secondary objective was to
compare the prevalence of IBI by RP testing. We hypothe-
sized that the prevalence of SBI and IBI would differ between
patients with positive and negative RP testing.

Methods

Study Design and Population

We conducted a secondary analysis of a multicenter retro-
spective cohort study across 9 sites participating in the Hypo-
thermic Young Infant Collaborative (Table I) of young
infants <90 days presenting to an ED or directly admitted
to the hospital with hypothermia (<£36.0°C) from
September 1, 2016, to May 5, 2021."2 This definition of
hypothermia was based on the International Pediatric
Sepsis Consensus Conference statements regarding systemic
inflammatory response syndrome”' as well as previous
studies investigating SBI in infants with hypothermia.”*'*
The study protocol was approved by the institutional
review board at each participating site.

We undertook a thorough approach to identify eligible in-
fants, using both diagnosis codes attributed to temperature
disturbances and actual temperatures recorded in the elec-
tronic health records. Patients with International Classifica-
tion of Diseases, Ninth and Tenth Revision diagnosis codes
corresponding to hypothermia or other temperature distur-
bances (778.3, 778.4, 991.6, 780.65, R68, P80, P808, P818,
P819, T68, T69.8XXA) were eligible for inclusion.®!"!%%2
Because infants with SBI and other serious pathology are
not accurately identified by temperature-related diagnosis
codes, additional infants were identified by an electronic
health record query of infants with a documented tempera-
ture of <36°C within 24 hours upon arrival to the ED or
direct admission and included if reported hypothermia prior
to arrival or hypothermic on initial vital signs.

Infants <90 days with documented or historical hypother-
mia who received RP testing were included in this study.
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Table I. Participating sites

Site

numbers City Institution

Site 1 Birmingham, AL Children’s Hospital of Alabama

Site 2 Columbus, OH Nationwide Children’s Hospital

Site 3 Greenville, SC Prisma Health Children’s Hospital-
Upstate

Site 4 Los Angeles, CA Children’s Hospital of Los Angeles

Site 5 New York, NY New York-Presbyterian Morgan
Stanley Children’s Hospital

Site 6 Portland, OR Doernbecher Children’s Hospital

Site 7 Richmond, VA Children’s Hospital of Richmond at
VCu

Site 8 St. Petershurg, FL Johns Hopkins All Children’s Hospital

Site 9 Winston-Salem, NC Brenner Children’s Hospital at Atrium

Health Wake Forest Baptist

Documented hypothermia was defined as a temperature
<36°C measured at a health care facility (eg, primary care
physician office or referral hospital), on initial vital signs in
the ED, or upon admission to the hospital if directly
admitted. For patients identified by International Classifica-
tion of Diseases, Ninth and Tenth Revision codes but no docu-
mented hypothermia, historical hypothermia was defined as
a recorded temperature <36°C measured at home by a care-
giver as documented within the medical chart. RP testing
included polymerase chain reaction (PCR) testing for single
(eg, influenza-only) or multiple viruses (ie, “panel”). Infants
with central venous lines, those transferred from a referring
facility without documentation of final culture results or abil-
ity to see the treatment team’s management, and those who
presented with known cardiac arrest or trauma were
excluded. Also, infants with documented fever (=38.0°C)
before or within 48 hours of initial encounter were excluded,
as the presence of fever was likely to dictate care using febrile
infant clinical decision support guidelines. Finally, infants
who were hypothermic during a birth hospitalization
(including neonatal intensive care unit) were excluded as a
result of the differences in risk factors for infection.”””*

Data Collection and Definitions
Data extraction was performed via manual chart review by
trained investigators at each site adhering to a standard oper-
ating procedure provided by primary site; all data were re-
corded in a central REDCap database.”” Patient
demographics included age, sex, insurance payor, known
medical complexity (defined as a severe medical condition
expected to last 212 months and requiring subspecialty care
or involving multiple organ systems®), and gestational age.
Clinical characteristics included lowest temperature recorded
or reported, vital signs on presentation, presenting symp-
toms, physical examination findings, and discharge diag-
nosis. Diagnostic evaluation, including culture results,
laboratory studies, and diagnostic imaging, was recorded.
IBI was defined as bacteremia or meningitis, whereas SBI
was defined as an IBI and/or UTI. A complete SBI evaluation
was defined as obtaining 3 cultures (urine, blood, and cere-
brospinal fluid [CSF]), whereas a partial SBI evaluation was
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defined as obtaining at least 1 but not all of these cultures. In-
fants with no SBI evaluation or partial SBI evaluation were
considered negative for SBI if it was not subsequently diag-
nosed within 7 days of initial presentation as previously
described."”

Repeated temperature instability was defined as more than
1 temperature <36.0°C within 24 hours of initial documented
hypothermia. Ill appearance was defined as the following
terms documented on physical examination: ill appearance,
toxic, limp, unresponsive, gray, cyanotic, apnea, weak cry,
poorly perfused, grunting, listless, lethargic, or irritable.'”*”

Outcomes

The primary outcome was prevalence of SBI, and the second-
ary outcome was the prevalence of an IBI. Bacteremia was
defined as growth of a bacterial organism from a blood cul-
ture treated by the medical team with a treatment course of
antibiotics. Meningitis was similarly defined as growth of a
bacterial organism from a CSF culture or positive PCR test
result of CSF fluid from commercially available assays that
was treated by the medical team with a treatment course of
antibiotics. UTI was defined as =50 000 colony-forming
units/mL of an organism from a catheterized sample ob-
tained with an abnormal urinalysis (presence of leukocyte
esterase, nitrite, or >5 white blood cells per high-power
field)* or a positive urine culture treated by the medical
team with a treatment course of antibiotics.

Statistical Analyses

Descriptive statistics were used to characterize patient demo-
graphic and clinical characteristics, clinical course, and prev-
alence of SBI. Continuous data were summarized using
means (SDs), and categorical data were summarized with
counts (percentages). We conducted comparisons of demo-
graphic and clinical characteristics between those with and
without RP testing. We also compared demographics, clinical
characteristics, and the prevalence of SBI and IBI between pa-
tients with positive RP testing with those with negative
testing. The proportion of infants with an SBI or IBI are cate-
gorized by positive testing for human rhino/enterovirus
(HRV), positive testing for non-HRV pathogen, and negative
testing to allow for meaningful comparisons to existing liter-
ature that focused on similar groupings.'®*”*’ Continuous
variables were analyzed using ¢ tests or ANOVA. Discrete var-
iables were analyzed using x* and Fisher exact tests. Analyses
were carried out using R statistical software (version 4.0.4; R
Foundation for Statistical Computing).

Results

Study Population

Among the 1098 infants with hypothermia included in the
parent study,'” a total of 446 patients received RP testing; de-
mographic and clinical characteristics of infants receiving
and not receiving RP testing are summarized in Table I1.*°
The prevalence of RP testing varied by age groups and
season. Patients receiving RP testing were more often

ORIGINAL ARTICLE

ill-appearing at presentation (48% vs 13%; P < .001) and
more likely to undergo either partial or full evaluation for
SBI (94% vs 61%; P < .001). SBI was more prevalent
among infants receiving RP testing compared with those
who did not receive RP testing (7% vs 2%; P < .001).

Approximately 25% (111/446) of infants with hypothermia
who underwent RP testing had a positive respiratory pathogen
result (RP+). Demographic and clinical characteristics of in-
fants by RP testing result are shown in Table II. An
RP+ result was associated with patient age, with fewer infants
<28 days testing positive compared with infants 29-60 and
61-90 days of age (16.2% vs 52.8% vs 51.4%, P < .001;
Table III). Infants with RP+ testing were more often ill-
appearing at presentation (67% vs 41%, P < .001), and the
extent of SBI workup (full, partial, or none) differed between
RP+ and negative testing (RP—) groups, with patients who
were RP+ receiving less-extensive workups. Positive RP test
results also differed by season, with 79% (P < .001) of
positive test results occurring during fall and winter.

Identification of Respiratory Viruses

Table III summarizes the RP testing results. The most
frequently detected pathogen was HRV (12%; 52/446). The
prevalence of HRV and non-HRV viruses differed
significantly between age categories (P < .01 vs P < .001,
respectively).

Serious and Invasive Bacterial Infections

Overall, SBI occurred in 7.4% (33/446) of infants with hypo-
thermia who underwent RP testing. The prevalence of SBI
did not significantly differ between RP+ (5.4%; 6/111) and
RP- (8.1%; 27/335) groups (Table II; P = .47). IBI
occurred in 4.5% (20/446) of infants with hypothermia
with RP testing. Prevalence of IBI also did not significantly
differ between RP+ (4.5%; 5/111) and RP— (4.5%; 15/335)
groups (P > .99). Five patients with bacteremia and 1
patient with meningitis had a positive RP result. Table IV
summarizes the overall frequencies of SBI and IBI stratified
by RP test result and age category. The greatest proportion
of infants with SBI occurred in the <28 days age group;
among those infants, 12% (3/25) had a positive RP result.

Discussion

In this multicenter retrospective cohort study of infants
with hypothermia undergoing testing for respiratory patho-
gens, the overall prevalence of SBI was 7.4%. SBI status did
not differ between those with positive and negative respira-
tory pathogen testing. Among infants with and without SBI,
the most frequently detected pathogen was HRV. Our study
is among the first to investigate associations between RP
testing status and prevalence of SBI in infants with hypo-
thermia. The contribution of data from 9 tertiary-care pedi-
atric centers supports the generalization of our findings to
similar institutions and suggests that RP testing status
should be used cautiously in the medical decision-making
for this population.

Prevalence of Serious Bacterial Infection in Young Infants with Hypothermia with Positive Respiratory Pathogen 3
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Table II. Demographic and clinical characteristics of patients receiving RP testing
RP No RP RP+ RP-
Variables, No. (%) n = 446 n = 652 P value n=111 n =335 P value
Age, d <.001 <.001
<7 196 (44.0) 346 (53.1) 7 (6.3) 189 (56.4)
7-28 143 (32.1) 123 (18.9) 48 (43.2) 95 (28.4)
>28 107 (24.0) 183 (28.1) 56 (50.5) 51 (15.2)
Sex >.99 48
Female 214 (48.0) 317 (48.6) 57 (51.4) 157 (46.9)
Race/ethnicity 16 a7
White 264 (59.2) 346 (53.1) 63 (56.8) 201 (60.0)
Black/African American 90 (20.2) 144 (22.1) 29 (26.1) 61(18.2)
Hispanic/Latinx 37 (8.3) 71 (10.9) 10 (9.0) 27 8.1)
Other 54 (12.3) 91 (14.0) 9(8.1) 46 (13.7)
Insurance 5 .007
Private 158 (35.4) 240 (36.8) 26 (23.4) 132 (39.4)
Public 262 (58.7) 381 (58.4) 79 (71.2) 183 (54.6)
Uninsured 26 (5.8) 31 (4.8) 6 (5.4) 20. (6.0)
Gestational age, wk <.001 <.001
Preterm (<34) 55 (12.3) 26 (4.0) 34 (30.6) 21 (6.3)
Late preterm (34-36) 145 (32.5) 151 (23.2) 29 (26.1) 116 (34.6)
Term (=37) 222 (50.0) 393 (60.3) 35 (31.5) 187 (55.8)
Not documented 24 (5.4) 82 (12.6) 13 (11.7) 11 (3.3
Medical complexity* 44 (9.9) 56 (8.6) .24 10 (9.0) 34 (10.2) .87
Seasonality .001 <.001
Winter 166 (37.2) 175 (26.8) 50 (45.1) 116 (34.6)
Spring 101 (22.7) 162 (24.9) 20 (18.0) 81(24.2)
Summer 63 (14.1) 145 (22.2) 3(2.7) 60 (17.9)
Fall 116 (26.0) 170 (26.1) 38 (34.2) 78 (23.3)
IIl-appearing” 212 (47.5) 88 (13.5) <.001 76 (67.6) 137 (40.9) <.001
Mode of temperature .001 .82
Rectal 371 (83.2) 558 (85.6) 92 (82.9) 279 (83.3)
Axillary 19 (4.3) 38 (5.8) 6 (5.4) 13 (3.9)
Other 3(0.7) 14 (2.2) 1(0.9) 2 (0.6)
Unknown 53 (11.9 42 (6.4) 12 (10.8) 41 (12.2)
Repeated temperature instability* 298 (66.8) 279 (42.8) <.001 68 (61.3) 230 (68.7) 19
SBI workup <.001 .03
None 27 (6.1) 257 (39.4) 12 (10.8) 15 (4.5)
Partial® 311 (69.7) 249 (38.2) 78 (70.3) 233 (69.6)
Full 108 (24.2) 146 (22.4) 21 (18.9) 87 (26.0)
Full RP panel test - - - 100 (90.1) 314 (93.7) 28
SBI**
Any SBI 33(7.4) 15 (2.3) <.001 6 (5.4) 27 (8.1) A7
utl 15 (3.4) 12 (1.8) 072 1(0.9) 14 (4.2) 13
Bacteremia 18 (4.0) 2(0.3) <.001 5(4.5) 13 (3.9 .78
Meningitis 5(1.1) 1(0.2) .042 1(0.9) 4(1.2) >.99
Any IBI 20 (4.5) 3(0.5) <.001 5(4.5) 15 (4.5) >.99
\ J

Values are No. (%) unless otherwise indicated.

*Medical complexity defined as a severe medical condition expected to last 12 months and requiring subspecialty care or involving multiple organ systems.?
tlll-appearing defined as the following terms documented on physical examination: ill appearance, toxic, limp, unresponsive, gray, cyanotic, apnea, weak cry, poorly perfused, grunting, listless,

lethargic, or irritable.

fRepeat temperature instability defined as >1 temperature of <36.0°C in a 24-hour time period.

§Partial SBI evaluation defined as having >1 but <3 cultures (urine, blood, CSF).
QFull SBI evaluation defined as having all 3 culture sources obtained.
**Patients with >1 infection source only counted once as SBI and IBI.

The risk of SBI and IBI among febrile infants is well char-
acterized, allowing for stratification of individual infants by
clinical features and diagnostic results to guide value-
driven testing and interventions.'”'* In febrile infants,
PCR-based respiratory pathogen testing has been used to
aid in risk stratification for SBI, as febrile infants with positive
respiratory viral testing have decreased risk for SBI compared
with infants who have a negative test result. 1531 However, the
effect of positive RP results on the risk for meningitis, bacter-
emia, or UTI, or the composite of any SBI, varies across in-
fant age groups and specific pathogen results. In a study of

4

febrile infants aged 1-90 days undergoing evaluation for
SBI, HRV was the most frequently detected virus; however,
infants with HRV only detected or negative RP testing results
were at greater risk of SBI compared with those with a non-
HRYV pathogen detected.'® In our study, we also found HRV
was the most frequently detected virus among infants with
hypothermia diagnosed with SBI and IBI. As HRV often is
detected in children without symptoms’” > and can be
shed for a prolonged period of time,””° positive HRV
testing may have limited utility to distinguish between infants
with hypothermia with and without SBI. Interestingly, in the
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Table III. RPs detected in infants with hypothermia Table IV. Prevalence of RPs among infants with
undergoing evaluation for SBI hypothermia with SBIs

Respiratory pathogen Age category Age category

result Total <28d 29-60d 61-90d Pvalue Respiratory pathogen result  Total <28d 29-60d 61-90d

No. 446 339 72 35 Any SBI 33 25 5 3

Any pathogen 111 (24.9) 55(16.2) 38 (52.8) 18 (51.4) <.001 Non-HRV + 2(6.1) 2(8) 0(0) 0(0)
detected HRV+ 4(121) 104 1(20) 2 (66.7)

Non-HRV pathogen 59(13.2) 29(8.6) 21(29.2) 9(25.7) <.001 RP- 27 (81.8) 22 (88) 4 (80) 1(33.3

HRV alone 42 (9.4) 22(6.5) 13(18.1) 7(20.00 .01 Any UTI 15 (45.5) 14 (56) 1(20) 0(0)

HRV + >1 other 1022 412 4(56) 257 .64 Non-HRV + 0(0) 0(0) 0(0) 0(0)
pathogen HRV+ 1(6.7) 1(71) 0(0 0(0)
< RP- 14(93.3) 13(929) 1(100) 0(0)

Values are No. (%) unless otherwise indicated. Any bacteremia 18 (54.6) 13 (52) 3 (60) 2 (66.7)
Non-HRV + 2(11.1) 2154 00  0(0)

HRV+ 3(16.7) 0(0) 1(33.3) 2(100)

. s s . RP— 13(72.2) 11(846) 2(66.7) 0(0
htera‘Fure on.febrlle lnfapts, positive HRV testing was only i TS 5 215'2; 2 28) ) 1 EZO) ) 2 }625.7)
associated with IBI for infants 29-60 days but not infants Non-HRV + 0(0) 0(0) 0 (0) 0(0)
<28 days.'® In our cohort, HRV was more prevalent among EEV+ 1&238; 25(1)2)0) ?E%O) 1 553;

. . . i _ 5
children .older than 29 days compared with <28 days; howev Bl (bacteremia/meningitis) 20 (60.6) 13(52)  4(80) 3 (100)
er, no difference by SBI/IBI outcome was detected. Future Non-HRV + 2 (10) 2(154) 0(0) 0(0)
studies with larger cohorts of older infants could better assess HRV+ 3(15) 0(0) 1(25)  2(66.7)
associations between HRV positivity and SBI/IBI in this sub- ¢ RP- Wy e Se  1ES) y

population, potentially facilitating a decrease in hospital stay
and receipt of unnecessary antibiotics, as has been described
for febrile infants.”””’

Several patient and clinical factors may affect the associa-
tion between RP testing and incidence/prevalence of SBI.
In our study, infants who were ill-appearing more frequently
received RP testing and had positive testing results. Although
ill appearance is a risk factor for SBI among febrile infants,”
it was not independently associated with IBI among infants
with hypothermia.'” Accordingly, additional testing in this
subpopulation of infants might guide risk stratification for
SBI and IBI. The utility of RP testing in infants with hypo-
thermia may be affected by the seasonality of respiratory vi-
ruses. Infants who were tested during fall and winter months
more often had RP+ testing; because certain viruses such as
influenza and respiratory syncytial virus are historically
most prevalent in communities during the winter season,”®
the effect of RP+ results in modifying the post-test probabil-
ity of an SBI/IBI may be limited during these times. The AAP
febrile infant guidelines suggest that for febrile infants
>28 days old, viral testing should be considered on an indi-
vidual basis, however, if obtained, results should not affect
entrance into a recommended care pathway.'” Our data sug-
gest that the decision to obtain RP testing and use the results
to influence care should be determined on an individualized
basis, as similarly suggested for febrile infants in the AAP
febrile infant clinical practice guideline.

Our study is not without limitations. Although the data
are from the largest research collaborative on infants with
hypothermia with verified temperature data to date, the
relatively low prevalence of SBI and IBI among the study
cohort limits our statistical power to detect small but still
potentially clinically important differences. In addition,
not all infants underwent evaluation for all 3 sources of
SBI or RP testing, so the point estimate of SBI prevalence
may not be generalizable to all infants with hypothermia.

Values are No. (%) unless otherwise indicated.

However, no infants from the larger parent study cohort
without a full or partial SBI evaluation returned with SBI
or IBI within 30 days of the initial encounter.”’ Additional
limitations pertained to the variation in RP testing per-
formed for each infant. Although the majority of RP panels
were similar across 7 of 9 sites, 2 sites did not include Chla-
mydia pneumoniae, Mycoplasma pneumoniae, Bordetella
pertussis, or Bordetella parapertussis during the periods of
the study. Further, younger infants were more likely to
receive RP testing overall, and not all infants with RP testing
were evaluated with panels of PCRs. As a result, we may have
underestimated the prevalence of positive testing results and
of individual pathogens among this cohort. We would not
expect the lack of certain pathogens on a panel to signifi-
cantly alter the association between testing and SBI/IBI,
given these pathogens were not detected among the infants
with more expansive testing. However, the observation that
older infants had RP testing performed less often but more
frequently had a pathogen detected may have biased our
findings toward the null (ie, making it less likely to detect
an association between SBI and RP testing). Lastly, although
the participating sites in our study are geographically
diverse, all the sites were large, tertiary medical centers;
hence, data from our study may not be generalizable to
community-based medical centers.

Conclusions

In this multicenter study of infants with hypothermia, we did
not detect a difference in the prevalence of SBI or IBI between
infants who were RP+ and RP-. The use of RP testing in in-
fants with hypothermia to guide clinical decision-making
surrounding evaluation for SBI should not yet be
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implemented broadly. If implemented, there should be
acknowledgment of uncertainty in the overall effect on an in-
fant’s risk for infection. Further research is needed to under-
stand whether RP testing can aid in the risk stratification of
infants with hypothermia. B
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