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ABSTRACT

Background: Reports of feeding disorders and their negative effects on infants are common.

Objectives: This literature review addresses the need to detect and report on the features of
instrumental assessments related to feeding functions that are available to clinicians.

Methods: A literature review search was performed by two independent reviewers
utilizing EMBASE, Scopus, Medline (via PubMed), Google Scholar, ProQuest, and Cochrane
databases, to discover instrumental assessments for infant swallowing and feeding
function. Assessments were summarized and assessed according to respondent type, target
populations and appraisal plans.

Results: Overall, seven studies were included in the final review. Despite the varying assessments
of feeding function in infants, there were many similarities between instrumental assessments
in components, concepts, and operational tools.

Conclusions: The two available methods for instrumental evaluation of swallowing are the
videofluoroscopic swallowing study (VFSS) and the fiberoptic endoscopic swallowing evaluation
(FEES). Both methods have benefits and limitations that have been characterized in this article.
Although both strategies are exceptionally viable and significant, researchers have differing
conclusions regarding the advantages and disadvantages of these methods. Therefore, to
encourage further research, there is a need for additional studies aimed at standardizing and
promoting best practices for instrumental examinations in infants.
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Introduction

eurodevelopmental disabilities in infants

can cause feeding and swallowing disor-

ders. During the fetal period, swallowing

functions begin to develop. The coordina-

tion between sucking and swallowing is
usually established between 32 and 34 weeks of gesta-
tion, and becomes fully rational by 37 weeks of gesta-
tion. Several life-threatening neonatal diseases cause
dysphagia, including premature birth, cardiopulmo-
nary conditions, and neurological disorders. Addition-
ally, negative experiences related to feeding, such as
intubation, tube feeding and airway suctioning, may
further impair sucking and swallowing [1]. Serious
consequences associated with abnormal feeding and
swallowing can include stunted growth and respiratory
complications, such as aspiration pneumonia [1]. Early
identification of feeding and swallowing impairments
will enable the appropriate healthcare professionals to
provide careful monitoring and/or assessment to miti-
gate potential serious complications. Nevertheless, an
infant’s natural physiologic and anatomic changes make
assessing and treating abnormal swallowing particularly
challenging [2].

Speech-language pathologists (SLPs) have played cru-
cial parts in the assessment and management of feeding
disorders in infants for more than five periods [3, 4]. The
prevalence of feeding disorders in infants has increased
as a result of medical and surgical advancements [5, 6].
Newborns, infants and young children with these prob-
lems or indicative disorders related to feeding disorders
may need information provided by particular stud-
ies that measure specific aspects of anatomy, physiol-
ogy, and basic pathophysiology of swallowing function,
which are not detectable through instrumental and
non-instrumental assessments [7]. These specific stud-
ies use investigative modalities that go beyond the data
obtained from comprehensive instrumental and non-
instrumental assessments [8].

In non-instrumental assessments, we use chart re-
views, parent reports, oral mechanism assessments,
cranial nerve tests, and food/liquid trials to evaluate an
infant’s swallowing and feeding skills [9, 10]. However,
this information is occasionally insufficient, as we need
more data to determine why the infant is experiencing
difficulty with feeding and swallowing, especially if the
infant shows signs and symptoms of aspiration [3, 11].
Non-instrumental examinations fail to reveal structural
and functional aspects of swallowing [4, 12]. They can
address detailed inquiries regarding the occurrence and
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extent of feeding disorders, safety during feeding, and
the effectiveness of therapeutic strategies [9, 12-14].
The majority of healthcare professionals recognize the
importance of instrumental swallowing assessments in
hospitals. In the context of infants, the videofluoroscop-
ic swallowing study (VFSS) and the fiberoptic endoscop-
ic swallowing evaluation (FEES) are the most commonly
used instrumental assessments [4, 9, 12, 14]. Although
bedside feeding evaluations may detect clinical signs or
behaviors of dysphagia, instrumental examinations are
the only way to confirm laryngeal penetration or aspi-
ration. A fluoroscopic and/or endoscopic examination
may be performed as part of an instrumental examina-
tion [15]. SLPs use both methods in the neonatal inten-
sive care unit (NICU) to assess oropharyngeal anatomy
and physiology, control swallowing safety, evaluate in-
tervention strategies, and develop a functional and safe
feeding plan [4, 9].

SLPs collaborate with the medical team to determine
which examination is more suitable based on the pa-
tient’s individual needs and the evidence we aim to ob-
tain. Therefore, we focused on studies that investigated
instrumental assessments for pediatric feeding disor-
ders in infants under six months.

Instrumental assessment in infants

Infants experiencing feeding and swallowing difficul-
ties require a comprehensive, long-term approach in-
volving a multidisciplinary team. Clinicians must deter-
mine whether an instrumental swallowing assessment
is needed and, if so, which type is appropriate. Timely
and accurate identification, along with intervention, can
significantly decrease the risk of the infant developing
additional conditions related to dysphagia [16].

In clinical evaluations, we employ various methods,
such as chart reviews, feedback from parents, oral
mechanism assessments, cranial nerve evaluations and
trials with food and liquids to evaluate the infant’s swal-
lowing safety and feeding abilities [17]. However, these
methods may sometimes be insufficient. To better un-
derstand the underlying reasons for an infant’s feeding
and swallowing challenges—particularly in cases where
there are indications of aspiration—instrumental as-
sessments can be crucial for diagnosis [18].

Instrumental assessments evaluate both the functional
and structural components of swallowing that cannot be
observed through physical examination. These assess-
ments provide critical insights regarding the presence
and severity of swallowing dysfunction, feeding safety,
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and the efficacy of various therapeutic approaches [19].
Most healthcare professionals in hospitals recognize the
importance of conducting instrumental swallowing as-
sessments [18]. For physicians who are hesitant about
additional testing, | emphasize the valuable information
these assessments provide, such as uncovering the un-
derlying causes of feeding and swallowing issues and
identifying safe feeding strategies [16].

The two most frequently utilized instrumental assess-
ments for infants are the VFSS and the FEES. In the NICU,
we employ both methods to evaluate oropharyngeal
anatomy and physiology, ascertain swallowing safety,
assess intervention techniques, and create a function-
al and safe feeding plan [20]. We collaborate with the
medical team to select the most suitable exam based
on the specific needs of the patient and the information
we aim to obtain.

VFSS

The VFSS is a radiographic procedure that offers a dy-
namic view of the swallowing process [20]. During this
assessment, we can adjust various factors such as the
delivery method, and liquid viscosity, or apply therapeu-
tic swallowing techniques—Ilike external pacing or chin
tuck—to enhance the safety and efficiency of swallow-
ing [18]. It is essential that the infant’s positioning and
the utensils used during the study reflect real-life feed-
ing scenarios. If there are clinical concerns regarding
how the infant’s oral motor skills impact the pharyngeal
phase of swallowing, the VFSS can provide valuable in-
sights [19].

To minimize radiation exposure, we adhere to as low
as reasonably achievable (ALARA) principles and using a
standardized commercial barium product helps reduce
variability across studies. Video swallow studies can be
conducted with infants of any age, including those who
have reached term age and older. The medical team
should carefully consider how often this examination is
repeated in the pediatric population [21].

The VFSS serves as the primary instrumental evaluation
for dynamic imaging of the upper oral, pharyngeal, and
esophageal stages of swallowing [22]. It is important to
note that this examination captures only a brief moment
and does not replicate a full meal. Its main objective is
to assess the pharyngeal phase of swallowing rather
than solely to identify aspiration [23]. When aspiration
is observed, clinicians must document whether it oc-
curred before, during, or after the evaluation and identify
the specific textures or consistencies involved [24]. The
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findings should be interpreted in conjunction with the
infant’s medical history, other diagnostic tests, and mul-
tidimensional data that contribute to understanding the
current situation of the infant and family [25].

Fiberoptic endoscopic evaluation of swallowing

By viewing the upper aerodigestive tract through a
transnasal endoscope during swallowing, FEES pro-
vides specific information about the pharyngeal phase
of swallowing [16]. This procedure is usually performed
by a multidisciplinary team of an SLP, an otolaryngolo-
gist, and a nurse [25]. For many years, FEES has been
used successfully in infants and is considered safe and
reliable for all newborns, including NICU infants at term
and older [26]. It is imperative that the infant is coopera-
tive to gain meaningful swallowing information; there-
fore, it isimportant to take into account the infant’s age,
developmental stage, and diagnosis when predicting
compliance [16]. In cases of suspected airway abnor-
malities affecting swallowing function or when assess-
ing swallowing in a breastfeeding infant, FEES exams are
recommended.

The laboratory developed FEES as a supplement to
VFSS and for testing swallowing function in adults, chil-
dren and infants [27]. FEES may be used in conjunction
with VFSS in some cases. Over the past few years, tech-
nology has improved to the point where it is possible to
integrate FEES with VFSS in a single patient [28].

Methods
Identification of instrumental assessments

A systematic overview of seven published instrumental
assessments was performed to evaluate infants’ feeding
skills (Tables 1 and 2). The criteria for inclusion of assess-
ment tools were as follows: a) They evaluated feeding
skills, b) They included evaluations for which articles were
obtainable and available and c) They could be acquired or
provided by the authors of this article. A list of usability
evaluations was created based on the following sources:

Source 1) This paper has compiled a database of instru-
mental assessments for infants over the past 20 years.
The purpose was to keep a record of instrumental assess-
ments by reviewing journal articles, attending lectures,
visiting speech therapy clinics and contacting colleagues.

Source 2) There were no limitations on the year of
publication or the requirements for full-text articles.
Each title and abstract was reviewed, resulting in the

Shokri E, et al. Literature Review on Pediatric Feeding Disorders in Infants. J Pediatr Rev. 2024; 12(3):233-242.




July 2024, Volume 12, Issue 3, Number 36

Table 1. VFSS

Journal of Pediatrics Review

Advantages

Disadvantages

Depicting the process of swallowing as the bolus moves through the
oral, pharyngeal, and esophageal phases.

Characterizing the anatomical and physiological aspects of the swal-
lowing mechanism throughout the process includes bolus formation
in the oral cavity, bolus transfer within the oral cavity, velopharyngeal
functionality, laryngeal excursion, pharyngeal motility, the presence
of residue, the occurrence and timing of aspiration, and the response
to aspiration.

Recognizing bolus and positioning factors in feeding techniques or
maneuvers that improve swallowing safety and effectiveness.

Restricted examination time for infants and children because of
potential radiation exposure risks.

This process entails patient transportation to the radiology suite and
fluoroscopy equipment restricts positioning options within the suite.

Barium has the potential to modify the taste and texture of ingested
liquids and foods.

identification of seven papers. To enhance understand-
ing and evaluation, the tools mentioned are explained
further below (Table 3).

Obtaining instrumental assessments

A comprehensive search was conducted in databases in-
cluding EMBASE, Scopus, Medline (via PubMed), Google
Scholar, ProQuest and Cochrane from December 2000 to
May 2023. The keywords and search strategies used in
different databases were Instrumental (feeding assess-
ment) OR (swallowing) OR (analysis) AND (aspiration) OR
(penetration) AND (infant) OR (neonate) OR (newborn).
As part of the complete database search, the reference
lists of the searched articles were evaluated, and special-
ists in this field were consulted to submit related studies.

Appraisal criteria

The following inclusion criteria were applied to the in-
cluded studies:

Table 2. Fiberoptic endoscopic evaluation of swallowing

Journal of Pediatrics Review

1) Selected keywords were confined to the title or ab-
stract; 2) Published between December 2000 and May
2023.

Based on the inclusion criteria, a total of 1287 articles
were included. Two authors individually revised the ab-
stracts of all included studies. A total of 1280 articles
were excluded based on the following exclusion criteria:

1) Both authors agreed that the article was not rele-
vant to the research objectives (480 articles); 2) Articles
that included children, adolescents, or adult partici-
pants (800 articles).

As a result, seven articles remained that were com-
pletely downloaded and appraised for quality (Figure 1).

Reviewers

The authors of this article (hereafter referred to as the
reviewers) had experience in working with instrumental
assessments and a good knowledge of English.

Advantages

Disadvantages

Elimination of radiation exposure concerns allows for a
comprehensive feeding assessment without duration restrictions.

Providing a firsthand observation of laryngeal and pharyngeal
structures and functionality during swallowing: Vocal fold mobility,
airway protection mechanisms, velopharyngeal sufficiency and both
normal and abnormal anatomy of the pharynx and larynx.

The assessment can be conducted at the patient’s bedside, allowing
for positioning in the patient’s usual feeding posture while consuming

actual food and liquids.

Evaluation of secretion management strategies and effectiveness.

Evaluation of swallow function in infants during breastfeeding.

Patients may experience discomfort or pain during the endoscope
insertion process.

The oral and esophageal phases of swallowing cannot be directly
assessed (visualization of pharyngeal and laryngeal structures
is limited to before and after the swallow) and the view of the

pharyngeal phase during the swallow is constrained, with a
temporary “white out” period.

Rapid successive swallows in infants may result in image
interpretation challenges due to the speed of swallowing events.

Journal of Pediatrics Review
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Table 3. Characteristics of the included articles
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Author

Journal

Age Range

Examined Items

Instrumental Assessment

Armstrong et al.
2020 [29]

Advances in
Neonatal Care

At least 37 weeks
PMA

Vetter-Laracy et al. Pediatric With a median PMA
2018 [30] Pulmonology of 40 week

Wlllette[;;]al. 2015 The Laryngoscope 14 weeks

Annals of Otology,
Mills et al. 2020 [31] Rhinology & 1to 37 weeks
Laryngology
Goldfield et al. 2010  Infant Behavior and Between 36 and 42
[32] Development weeks PMA

Bottlefeeding and breastfeeding

1) To determine the number of
premature with desaturations
during feeding due to aspiration,
using FEES; 2) To relate clinical
factors and FEES findings to
aspiration; 3) To describe the
type and efficacy of suggested
treatments.

Assessing swallowingin a
breastfeeding infant

Assessment of the pharyngeal
phase of swallowing

Tongue motion and coordination
between tongue and soft palate

Assessing swallowing of
breastfeeding NICU Infants using
fiberoptic endoscopic evaluation

of swallowing

Neonatal swallowing assessment
using FEES

Fiberoptic examination of
swallowing in the breastfeeding
infant

Flexible endoscopic evaluation
of swallowing in breastfeeding
infants with laryngomalacia

Premature infant swallowing:
Patterns of tongue-soft palate
coordination based upon

International
Archives of
Otorhinolaryngology

Hernandez et al.
2019 [33]

Younger than 6
months

Average PMA of
49.5 weeks (range:
46.8-53.8 weeks)

McGrattan et al.

2020 [34] Pediatric Radiology

mean timing of swallow initiation

elevation )
videofluoroscopy

Oral capture and control; tongue

versus mandible movement
coordination; sucking pattern;
mandible excursion; liquid
flow; bolus retention; laryngeal
penetration; tracheal aspiration;
clearing of material collected in
the pharynx; GER

Swallowing analyses of neonates
and infants in breastfeeding
and bottle-feeding: Impact on
videofluoroscopy swallow studies

Percentage of swallows with bolus
escape to the pharynx; percentage

of swallows with swallow
initiation below the valleculae;

Capturing infant swallow
impairment on videofluoroscopy:
Timing matters
among the five swallows
visualized at each time point

Journal of Pediatrics Review

Abbreviations: PMA: Postmenstrual age; GER: Gastroesophageal reflux; FEES: Fiberoptic endoscopic evaluation of swallowing.

Quality

To evaluate the remaining seven cross-sectional assess-
ments, we utilized the Newcastle Ottawa scale (NOS)
checklist. This tool rates articles based on three factors:
sample selection (four questions), subject comparability
(one question), and statistical methods and outcomes
(two questions). According to the scoring guidelines,
studies scoring above seven are considered good quality,
those scoring below four are deemed poor quality, and
those with scores of 5-6 are considered satisfactory.

Two independent raters completed the quality assess-
ment scale for each article to confirm their quality. Af-
ter evaluating the scores, we included and thoroughly
reviewed seven studies that received scores of 5 to 10
from both raters. Figure 1 provides a detailed overview
of the inclusion and exclusion processes.

Results
The conceptual and operational assessments
FEES studies

There were many similarities in the conceptual and
operational between the assessments. They evalu-
ate different swallowing components, which include
feeding difficulties, noisy breathing, direct aspiration,
penetration, signs of dynamic airway obstruction, and
compromised airway protection during swallowing [27,
29-31]. According to the research conducted within the
framework of this study, it should be mentioned that
no adverse occasions, including mortality, epistaxis, or
laryngospasm were reported during procedures and
all four studies provided detailed accounts of the pro-
cesses. Only two studies included statistical analysis at
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Records excluded due to the
being irrelevant to the aims

duplicates (n=900)

o
c
c
(]
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o
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Related articles, after screening the title and
abstract of the articles and removing the

‘\'—
of this study

(n=380)

Records excluded due to the

age ranges of subjects

Records screened for full-
text

Eligibility

l

Full-text articles assessed for
eligibility (n=520)

(n=380)

Records excluded due to the type of
study (interventional studies) (n=212)

Record excluded after quality

Included

Included studies (n=7)

Figure 1. Study selection flowchart

the end of the methods section [29, 30], while the other
studies presented this information in the table of results
section [27, 31]. Additionally, all of the studies reported
that the FEES exam is one of the safe and effective as-
sessments for feeding infants.

VFS studies

The studies analyzed various aspects of swallowing
and liquids, including the coordination between indi-
vidual tongue points and soft palate movements, as
well as the similarities and differences in infant swal-
lowing function (oral capture and control, coordina-
tion of tongue versus mandible movement, sucking
patterns, mandible excursion, liquid flow, bolus reten-
tion, laryngeal penetration, tracheal aspiration, clearing
of material in the pharynx and gastroesophageal reflux
[GER]), components of swallow physiology (oral bolus
hold, initiation of pharyngeal swallow, timing of swallow
initiation) and airway protection mechanisms (penetra-
tion and aspiration) [32-35]. All of the studies reported
the variables in charts or tables. In the investigation

assessment (n=301)

Journal of Pediatrics Review

conducted for this study, it is significant to highlight the
absence of any adverse incidents throughout the pro-
cedures, which have been meticulously documented to
ensure thorough comprehension.

Furthermore, it is worth mentioning that across all
studies examined, there were no indications of ineffi-
ciencies associated with the VFSS method for assessing
infant feeding.

Sample selection and size

This study aimed to review accessible feeding assess-
ments that are safe for infants under six months. The
sample size for the FEES studies does not differ signifi-
cantly among the included studies, ranging from 24 to
26 participants, with only one study reviewing 62 infants
[30]. Also, all of the studies reported demographic in-
formation, such as gestational age, age at testing, birth
weight, weight at testing, time of wearing a nasogastric/
orogastric and gender. The sample sizes for the VFSS stud-
ies varied, ranging from 25 to 30 participants, while one
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study reported on 12 infants [32]. All the studies reported
demographic characteristics, and one study detailed pri-
mary diagnosis and indications for VFSS [34]. The infants
reported were aged 0 to 6 months (Table 3).

Discussion

The two accessible methods for instrumental assess-
ment of swallowing are the VFSS and the FEES. Both
measures have benefits and limitations that were de-
fined in this article. Although both methods are very
practical and valid, researchers have different opinions
regarding their advantages and disadvantages. Some re-
searchers advocate for the VFSS method, while others
consider FEES to be more beneficial for infants.

Currently, the most common evaluation method is an
observational clinical feeding and swallowing examina-
tion followed by a VFSS if deemed necessary [26]. Al-
though VFSS is frequently used, its reliability in detecting
laryngeal penetration (material entering the laryngeal
vestibule) or tracheal aspiration (material entering the
trachea below the vocal folds) in infants has not been
well-documented [15, 36, 37]. The reliability of VFSS in
identifying penetration and aspiration in adults and chil-
dren ranges from moderate to excellent [26]. However,
VFSS has significant limitations for NICU infants, such as
transportation to radiology, radiation exposure, use of
barium, limited assessment time, and nonphysiological
feeding positions [15, 26, 38].

On the other hand, FEES has been reported to be safe and
reliable (comparable to VFSS) [15, 26, 38]. FEES has been
used in the pediatric population for over two decades, with
several studies demonstrating its safety and reliability in iden-
tifying penetration and aspiration in infants [39].

A comprehensive review of the instrumental assess-
ments (FEES and VFSS) reported that VFSS has several
limitations, including radiation exposure, transportation
to the radiology suite, and, notably, the inability to assess
the mother-infant dyad during breastfeeding. FEES, on
the other hand, avoids these limitations and is now con-
sidered a secure and substantial alternative in a compre-
hensive feeding and swallowing assessment [31]. FEES
also allows for the assessment of secretion management
prior to breastfeeding, as well as the visualization of la-
ryngeal penetration and tracheal aspiration [31, 39].

Thus, FEES could be an important clinical instrument
that has advanced our understanding of swallowing
when evaluating infants with laryngomalacia who are en-
countering trouble feeding. Moreover, FEES has provided
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endoscopic evidence for the potential use of infant posi-
tioning as a modifiable variable, by elucidating the effect
of infant position on dynamic airway compromise and
liquid flow during the pharyngeal stage of swallowing.
Also, we have recognized several particular anatomical
and physiological factors related to an increased risk of
penetration and/or aspiration through FEES.

VFSS is a radiographic procedure that uses fluoroscopy
to visualize the oral, pharyngeal, and esophageal phases
of swallowing. This method allows for a comprehensive
assessment of the swallowing mechanism, including
the identification of aspiration, penetration, and resi-
due. However, VFSS exposes the infant to ionizing radia-
tion, which is a concern for this vulnerable population.
Additionally, the administration of barium-coated sub-
stances may alter the taste and texture of the food, po-
tentially affecting the infant’s feeding behavior. Further-
more, the supine position required for VFSS may not be
representative of the infant’s typical feeding position,
potentially limiting the ecological validity of the assess-
ment. In contrast, FEES is an endoscopic procedure that
involves the insertion of a flexible laryngoscope through
the infant’s nasal passage to visualize the pharyngeal
and laryngeal structures during swallowing. This meth-
od allows for the assessment of the pharyngeal phase
of swallowing, with a particular focus on the function
of the vocal folds and laryngeal closure [40, 41]. FEES
does not expose the infant to radiation and does not
require the use of barium-coated substances, making it
a safer and more naturalistic assessment. Additionally,
FEES can be performed in the infant’s typical feeding po-
sition, providing a more ecologically valid assessment of
swallowing function. However, FEES is limited in its abil-
ity to assess the esophageal phase of swallowing and
may not be suitable for infants with severe respiratory
compromise or anatomic abnormalities that preclude
nasal insertion of the endoscope [42].

One of the primary advantages of VFSS is its ability
to provide a comprehensive evaluation of the entire
swallowing process, including the oral, pharyngeal, and
esophageal phases. This allows for a more complete un-
derstanding of the underlying causes of dysphagia and
can help guide treatment decisions. In contrast, FEES is
limited to the evaluation of the pharyngeal and laryn-
geal structures. VFSS is also highly sensitive for detect-
ing silent aspiration, which is when food or liquid en-
ters the airway without the individual showing outward
signs of distress. This is a critical benefit for individuals
who are at risk for aspiration pneumonia, as early de-
tection and management of silent aspiration can help
prevent this potentially life-threatening complication.
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Another advantage of VFSS is its ability to provide quan-
titative measures of swallowing function, such as the
timing and duration of swallowing events [43]. These
measures can be used to track progress over time and
assess the effectiveness of interventions. In contrast,
FEES provides qualitative information about swallowing
function but does not provide quantitative data. Finally,
VFSS is generally well-tolerated by patients and does
not require the insertion of an endoscope, which can
be uncomfortable for some individuals. This can be an
important consideration when selecting an assessment
tool, particularly for individuals who may have difficul-
ty cooperating with the procedure. While FEES has its
advantages, such as the ability to directly visualize the
pharyngeal and laryngeal structures and the absence of
radiation exposure, VFSS is a valuable tool for assessing
dysphagia and provides important information that can
guide treatment decisions and improve outcomes for
individuals with swallowing impairments. The choice of
assessment tool should be based on the specific needs
and circumstances of the individual and should be made
in consultation with a speech-language pathologist or
other qualified healthcare professional [44].

Clinicians should carefully consider the strengths and
limitations of each assessment, as well as the specific
needs and circumstances of the infant when selecting
the most appropriate method for evaluating dysphagia
in this population. Ultimately, a comprehensive and in-
dividualized approach to the assessment and manage-
ment of dysphagia in infants is essential for optimizing
swallowing function and promoting positive feeding
outcomes.

Conclusion

Even though both the FEES and VFSS approaches are
essential for evaluating infant feeding, the approximate
validity and reliability of established conventions for
instrumental assessment within the neonatal and pedi-
atric populations are limited. Therefore, further inves-
tigations should focus on advancing studies aimed at
developing standardized and approved conventions for
instrumental appraisals in these populations.
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