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Background. Following widespread use of the Haemophilus influenzae serotype b (Hib) vaccine, H. influenzae serotype a (Hia)
has emerged as an important pathogen in children in some regions. We describe the clinical features and molecular epidemiology of
invasive Hia disease in children in Utah over an 11-year period.

Methods. We identified cases of invasive Hia disease, defined as detection of Hia from a normally sterile site, in children aged
<18 years from Utah between 2007 and 2017. Medical records were reviewed to determine demographic characteristics and clinical
outcomes. Available Hia isolates were genotyped using multilocus sequence typing, and phylogenetic division was determined using
s0dC polymerase chain reaction. Presence of the putative virulence-associated IS1016-bexA duplication-deletion was evaluated.

Results. We identified 51 children with invasive Hia. The average annual incidence was 1.7 cases per 100 000 children aged
<5 years; 4.8 cases per 100 000 children aged <1 year. The median age was 11.3 months. The most common clinical presentation was
meningitis (53%), followed by pneumonia (14%) and septic arthritis (14%). Twenty-two children (43%) required admission to an
intensive care unit; 1 died. Sequence type (ST) 62, phylogenetic division II isolates caused 75% (21/28) of disease. No isolates con-
tained the virulence-associated IS1016-bexA duplication-deletion.

Hia is a significant cause of severe invasive bacterial infection in Utah. The majority of infections were caused by
ST62 isolates, a phylogenetic division II Hia type that lacks the IS1016-bexA duplication-deletion. Hia ST62 has not been commonly

Conclusions.

reported elsewhere, suggesting a unique molecular epidemiology in our population.
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Haemophilus influenzae is an important cause of serious in-
vasive disease in infants, young children, and older adults.
Haemophilus influenzae strains are classified by the presence
(serotypes a-f) or absence (nontypeable) of a polysaccharide
capsule [1]. The presence of a polysaccharide capsule is as-
sociated with increased disease severity [2-4]. Encapsulated
H. influenzae can cause meningitis, septicemia, pneumonia,
septic arthritis, cellulitis, and epiglottitis and is associated with
significant morbidity and mortality in children [2, 5-7].
Historically, H. influenzae serotype b (Hib) was the primary
cause of invasive H. influenzae disease in children in the United
States and throughout the world [8, 9]. Following introduction
of the Hib-specific conjugate vaccine in the late 1980s, the in-
cidence of invasive Hib disease decreased dramatically [2, 6].
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However, since widespread use of the Hib vaccine, there has
been an increase in invasive H. influenzae disease caused by
non-b serotypes, particularly H. influenzae serotype a (Hia) in
children [6, 7, 10-12]. Clinical presentation of children with
invasive Hia resembles that of Hib in both syndromes (men-
ingitis, pneumonia, septic arthritis, and cellulitis) and severity
(7,10, 13, 14].

Determinants of H. influenzae virulence are not fully under-
stood. The presence of the type b capsular locus is associated
with increased pathogenicity and is a major virulence determi-
nant [15, 16]. Studies have also reported an association between
more severe disease and Hia strains with a Hib-like genetic var-
iant, the IS1016-bexA duplication-deletion, which results in a
tandem duplication of the capsule region and is hypothesized
to increase capsule production and thus pathogenicity [12, 13,
17-19]. Differences in pathogenicity have also been associated
with specific electrophoretic types, for example, some phyloge-
netic division I isolates are associated with increased virulence
when compared with isolates of the same capsular type in phy-
logenetic division II [20]. Variations in lipopolysaccharide type
and immunoglobulin A protease have also been implicated in
H. influenzae pathogenicity [21, 22].
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Here, we report on the epidemiology and clinical presenta-
tion of invasive Hia infection in Utah children over an 11-year
period. We examine the molecular epidemiology and preva-
lence of the IS1016-bexA duplication-deletion.

METHODS

Setting and Study Population

We identified children aged <18 years residing in Utah with in-
vasive Hia infection treated at Intermountain Healthcare facil-
ities between 1 January 2007 and 31 December 2017 via both
prospective surveillance from 2009-2017 as well as a retro-
spective review from 2007 to 2009. Intermountain Healthcare
is a Utah-based not-for-profit healthcare system with 22 hos-
pitals, including Primary Children’s Hospital (PCH), a 289-bed
children’s hospital that serves as both a pediatric community
hospital for Salt Lake County, Utah, and as the only tertiary care
pediatric referral center in the state of Utah. Approximately 90%
of pediatric admissions in the state of Utah occur in hospitals
within the Intermountain Healthcare system.

Invasive disease was defined according to the following
Centers for Disease Control and Prevention (CDC) definition:
a clinically compatible case confirmed by isolation of Hia from
a normally sterile site, such as blood, cerebrospinal fluid, joint
fluid, pleural fluid, or pericardial fluid. Demographic char-
acteristics and clinical information were obtained from the
Intermountain Healthcare Enterprise Data Warehouse (IHC
EDW). Manual review of the medical records was performed to
confirm diagnosis and validate electronic data for all patients.

The University of Utah and the PCH institutional review
boards approved this study with a waiver of informed consent.

Bacterial Isolates and Molecular Typing

The microbiology laboratory at PCH collects all H. influenzae
isolates recovered from a normally sterile site. Beta-lactamase
testing was performed in individual microbiology labora-
tories; results were extracted from the IHC EDW. Isolates from
outlying facilities were transferred to PCH when available.
Haemophilus influenzae were identified by morphology (Gram
stain and growth on chocolate agar) followed by confirmation
with mass spectrometry (matrix-assisted laser desorption/ion-
ization time-of-flight). Capsular serotyping was performed by
slide agglutination with H. influenzae a—f typing antisera at the
Utah Department of Health laboratory. Bacterial isolates were
stored frozen at -80°C until further analysis.

Hia isolates were inoculated on chocolate agar and in-
cubated at 37°C with 5% carbon dioxide for 22-24 hours
prior to DNA extraction. Bacterial DNA was extracted
using the DNeasy Blood and Tissue Kit (Qiagen, Venlo,
the Netherlands). Polymerase chain reaction (PCR) am-
plification of the intergenic region between the bexA and
s0dC genes was performed as previously described and was

used to infer the phylogenetic group of each isolate; sodC-
negative strains belong to phylogenetic division I and sodC-
positive isolates belong to phylogenetic division II [23, 24].
Multilocus sequence typing (MLST) was performed as pre-
viously described utilizing the H. influenzae MLST website
(https://pubmlst.org/hinfluenzae/) [25, 26]. Isolate sequence
type (ST) was determined using total genome sequencing
data as previously described [27]. Evaluation for the pres-
ence or absence of the IS1016-bexA duplication-deletion was
performed using PCR as previously described [28]. A phy-
logenetic division I IS1016-bexA duplication-deletion-posi-
tive Hib strain was used as a positive control. PCR products,
when present, were confirmed by agarose gel electrophoresis
and Sanger sequencing.

Statistical Analyses

All children who met the clinical case definition for invasive
Hia disease were included in the description of clinical syn-
dromes. Incidence rates were based on Utah residents. Rates
were calculated using the mean of annual age-specific estimates
from 2007-2017 from the Utah Department of Health [29].
Population by race and ethnicity was estimated from US census
bureau estimates of race and ethnicity composition of the Utah
population from 2017. Exact binomial confidence intervals
(Clopper-Pearson) were calculated using STATA 15 (StataCorp,
College Station, TX).

RESULTS

We identified 51 children with invasive Hia infections treated
at THC facilities between 2007 and 2017. Twenty-seven cases
(52.9%) occurred in children aged <1 year and 47 (92%) cases
occurred in children aged <5 years (Table 1). The incidence
was highest among children aged <lyear (4.8/100 000; 95%
confidence interval, 3.1 to 6.9). Incidence rates were similar
by race and ethnicity, although the confidence intervals are
wide (Table 2). The annual number of cases was similar over
the 11 years of the study (Figure 1A), with only modest sea-
sonality (Figure 1B).

The most common clinical manifestation was meningitis (27
children; 54%), followed by bacteremic pneumonia (7 children;
14%) and septic arthritis (7 children; 14%; Table 1). Hia was
detected in the blood of 43 children, including 85% (23/27) of
children with meningitis and 57% (4/7) of children with septic
arthritis. Of the 27 children with meningitis, 7 (25.9%) devel-
oped seizures, 14 (51.8%) had intracranial complications that
led to prolonged antibiotic therapy, and 7 (25.9%) suffered
hearing loss. Infection with a beta-lactamase-producing isolate
was relatively uncommon, occurring in only 5 of 48 children
(10.4%).

All but 2 children with invasive disease were hospitalized for
treatment of their infection. For those hospitalized, the median
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Table 1. Demographic and Clinical Characteristics of Patients With
Invasive Haemophilus influenzae Serotype a Disease

Demographic Characteristic Value (n=51)
Age, median (IQR), months 11.3 (6.2-41)
Age group, n (%), years
<1 27 (52.9)
-4 20(39.2)
5-17 4(7.9)
Male sex, n (%) 27 (63)
Race/ethnicity, n (%)
White 39(76.5)
Black 2(39)
Asian/Native, Hawaiian/Pacific Islander 2(39)
Hispanic 3(5.9)
American Indian/Alaskan Native 1(2)
Unknown 4(78)
Clinical characteristics
Disease classification, n (%)
Meningitis® 27(52.9)
Pneumonia with bacteremia 7(13.7)
Septic arthritis? 7(13.7)
Bacteremia (all other sources)” 10(19.6)
Outcomes
Hospital admission, n (%) 49 (96)
Hospital LOS, days, median (IQR) 4.8(2-10)
ICU admission, n (%) 22(43.1)
ICU LOS, median (IQR), days 2 (1.4-5.6)
Death, n (%) 1(2)

Abbreviations: ICU, intensive care unit; IOR, interquartile range; LOS, length of stay.

?One patient was classified as having both arthritis and meningitis.

“Bacteremia was in association with central line associated blood stream infection (1), peritonitis (1), acute
otitis media (3), or no identifiable source (4).

hospital length of stay was 4.8 days, ranging from 1 to 48 days
(Table 1). Twenty-two children (43.1%) were admitted to the in-
tensive care unit (ICU). One 5-month-old with meningitis and
septic shock died. No child developed purpura fulminans.
Twenty-eight Hia isolates (56%) were available for molecular
analysis (Table 3). There were no significant differences in patient

Table 2. Incidence of Invasive Haemophilus influenzae Serotype a
Disease by Age and Race/Ethnicity

Demographic Characteristics Incidence/100 000°  95% Confidence Interval
Age group, y
<1 48 3.1-6.9
-4 0.89 05-14
<5 1.7 1.2-22
5-17 0.03 0.004-0.1
All ages 05 0.4-0.7
Race/ethnicity (aged <5 years)
White 1.5 0.1-2
Black 5.1 0.6-18.3
Asian/Native, Hawaiian/Pacific Islander 7.1 0.86-25.6
Hispanic 03 0.06-14.1
American Indian/Alaskan Native 24 0.6-13.1

2Age- or race/ethnicity-specific incidence.

demographics, clinical characteristics, or outcomes between
those with and without an available isolate (Supplementary
Table 1). MLST demonstrated that the most common ST was
ST62, which accounted for 75% (21/28) of isolates, followed by
ST576 (4/28, 14.2%) and ST56 (3/28, 10.7%). Based on available
molecular data, there did not appear to be differences in cir-
culating strains over time (Supplementary Figure 1). All ST576
and ST56 isolates lacked sodC and were classified into phyloge-
netic division I, while all ST62 contained sodC and were classi-
fied into phylogenetic division II.

The IS1016-bexA duplication-deletion was not detected in
any Hia isolates in our collection. There were no significant as-
sociations between the clinical characteristics of patients, in-
cluding disease classifications and outcomes, and any specific
ST. Meningitis occurred in 33.3% (1/3) of children with ST56,
61.9% (13/21) of children with ST62, and 25% (1/4) of children
with ST576 isolates. ICU admission occurred in 66% (2/3) of
children with ST56, 57% (12/21) of children with ST62, and
50% (2/4) of children with ST 576 isolates. The only death oc-
curred in an infant infected with a ST62 isolate.

DISCUSSION

In this study, we describe the clinical and molecular epidemi-
ology of a large series of cases of invasive Hia disease in children
over a 11-year period in Utah. The incidence of invasive Hia
disease in our population was 4.8/100 000 among infants aged
<1 year and 1.7/100 000 among children aged <5 years, which
is substantially higher than estimates from the 10 surveillance
sites in the CDC Active Bacterial Core (ABC) surveillance
system but lower than rates reported from Alaska [6, 10, 30].
Hia caused severe disease; roughly half of the children in our
study had meningitis and a similar proportion required ICU
care. Molecular analysis showed a predominance of phylo-
genetic division II ST62 strains, which has not been reported
elsewhere. Despite the severe disease, no Hia isolates contained
the IS1016-bexA duplication-deletion, a putative virulence
factor. Our data suggest a unique epidemiology of disease in
our population.

Prior to the introduction of Hib vaccine in the United States,
the incidence of invasive Hib disease was approximately 54
cases per 100 000 children aged <5 years [2]. Vaccination has
dramatically decreased the incidence of Hib more than 200-
fold to 0.13 cases/100 000 in children aged < 5 years [6]. Over
time, non-b H. influenzae serotypes as well as nontypeable
H. influenzae have emerged as important causes of illness.
In particular, Hia disease has emerged among children [6,
7, 31]. The incidence of Hia in children may be increasing,
with a number of reports of invasive Hia disease coming from
Alaska, northern Canada as well as New Mexico and Utah (7,
10, 13, 14, 30, 32-35]. The incidence of Hia disease has been
found to be particularly high among indigenous populations,
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Figure 1.
cases by month of occurrence.

Month

Number of invasive Haemophilus influenzae serotype a infections, Utah, 2007 to 2017. (A) Number of cases per year by age group; (B) Number of

such as American Indians and Alaska Natives, ranging from
15.2 per 100 000 children aged <5 years to 34.4 per 100 000 for
infants aged <1 year [6, 10, 14, 35].

Two earlier studies examined Hia disease in Utah. One
study included a cluster of 5 cases over a 10-month period
in 1998-1999, including 1 case of purpura fulminans
[13]. A second epidemiologic study from 1998-2008

Table 3. Genetic Characterization of Available Haemophilus influenzae
Serotype a Isolates

IS 1076-bexA
Multilocus Sequence Typing n%(%) Phylogenetic Division Duplication-Deletion
56 3(10.7) | Not present
62 21(75) Il Not present
576 4(14.2) | Not present

“Available isolates, n=28.

demonstrated an increasing incidence of invasive Hia dis-
ease, from 0.8/100 000 among children aged <5 years in
1998 to 2.6/100 000 in 2008 [7]. A recent report on inva-
sive H. influenzae incidence conducted through ABC sur-
veillance sites reported an incidence for Hia of 1.52/100 000
among children aged <1 year and 0.4/100 000 among
children aged 1 to 4 years [6]. These rates are substantially
lower than in the earlier series from Utah and in our cur-
rent study. The incidence of Hia in Utah is lower than that
of reports in Alaska and Canada, where disease occurs pre-
dominantly in indigenous populations. The majority of
cases (76.5%) occurred among white children, reflecting the
racial makeup of the state where 78% of people are non-
Hispanic, non-Latino white. When we calculated race- and
ethnicity-specific rates, we did not observe any meaningful
difference in incidence of invasive Hia disease.
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Clinical syndromes associated with invasive Hia disease in this
study were severe and resembled those for Hib. More than 50% of
children had meningitis and nearly half required ICU care. The se-
verity of disease presentation among patients in this study is similar to
previously published reports of both Hia and Hib [2, 5, 6, 10, 14, 30,
34, 35]. Mortality was low in our cohort compared with other studies,
particularly those reporting on Hia disease among indigenous popu-
lations [10, 30]. Plumb et al reported a case fatality rate of 11% (4/36),
while Millar et al reported 2.6% (2/76). Affected children in these
studies frequently lived in rural communities with challenging access
to tertiary care [10, 14, 30, 35]. Despite the large geographic area of
Utah, there is a well-organized network of rural care with relatively
efficient emergency transportation to the tertiary care pediatric center
in Salt Lake City. This difference in mortality could also be due to cir-
culation of a less virulent type of Hia (ST62) as the predominant cause
of disease in our population. However, the only death in our popula-
tion was associated with ST62, and disease severity measured by clin-
ical syndrome and ICU admission was not different for ST62 isolates
compared with clonal complex (CC) 23 isolates.

The molecular epidemiology of invasive Hia in Utah appears to
be unique from other sites reporting significant invasive Hia dis-
ease. The majority (21/28; 75%) of isolates that were typed belonged
to phylogenetic division IT ST62. Although characterization by ST
and/or phylogenetic division is not always reported in epidemio-
logic studies, ST62 has not, to our knowledge, previously been
described as a predominant ST causing invasive disease in a pop-
ulation or geographic area. In Canada and Alaska, the majority of
invasive Hia disease has been caused by isolates from phylogenetic
division I, particularly CC23 isolates (ST23, ST56, and ST576). In a
large surveillance study in Brazil, all Hia isolates belonged to CC23
[14, 17, 24, 30, 36, 37]. Musser et al analyzed a large cohort of col-
onizing and invasive H. influenzae isolates and reported a strong
association between phylogenetic division I Hia isolates and inva-
sive disease [20]. Interestingly, we identified several ST62 or related
isolates in the MLST Database reported from New Mexico. It is
possible that this represents the prevalence of ST62 across a larger
region [26]. Unfortunately, there is a paucity of longitudinal and ge-
ographically dispersed data on the molecular epidemiology of inva-
sive Hia disease. While several studies have reported an association
between more severe disease and phylogenetic division I ST4 or
CC23 strains of Hia, the severe disease associated with ST62 in our
region suggests that the molecular determinants of virulence are not
yet fully understood [18, 20].

Based on the earlier study of Hia in Utah that showed se-
vere disease caused by isolates that contained the IS1016-bexA
duplication-deletion, we had hypothesized that currently circu-
lating strains may also have this genotype [13]. Surprisingly, all 28
isolates that we evaluated were negative for this putative virulence
factor. In other published studies, only ST4 Hia isolates contained
the IS1016-bexA duplication-deletion [18, 24, 38]. Our data would
thus suggest that isolates involved in the 1998-1999 cluster of

cases did not persist in our population and that the IS1016-bexA
duplication-deletion is not required for H. influenzae virulence.
Our study has several limitations. Cases of Hia in our study
outside of PCH were identified retrospectively, and thus we may
have missed cases that were treated at other sites in our hospital
system, sites outside of our system, or in which serotyping was
not performed. This may have resulted in an underestimate of
the incidence of invasive Hia. While more than half of our cases
had isolates available for molecular analysis, it is possible that the
pattern of Hia ST distribution or molecular characteristics would
be different if we had a more complete collection. Both the clin-
ical and molecular epidemiology of Hia appears to be different
in Utah when compared with Alaska and Canada, but we do not
know how it compares with other US populations. Isolates from
before 2006, including those from the previously reported cluster,
were not available to us at the time of molecular analysis and

comparisons to the more contemporary cases.

CONCLUSIONS

Invasive Hia infections are an important cause of severe disease
in Utah, primarily affecting children aged <5 years. The clin-
ical presentation of disease is dominated by meningitis and is
similar to prior reports of both Hib and Hia. Two-thirds of Hia
isolates available for typing belonged to ST62, a phylogenetic
division II Hia type that lacks the IS1016-bexA duplication-
deletion. ST62 has not been widely reported or studied, sug-
gesting a unique molecular epidemiology in our population.
Further research is needed to understand the epidemiology of
Hia disease in children in other regions and to explore the mo-
lecular mechanisms of Hia virulence.

Supplementary Data

Supplementary materials are available at Journal of the Pediatric Infectious
Diseases Society online.
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