Prevention and Treatment of Influenza
in High-Risk Groups: Children, Pregnant
Women, Immunocompromised Hosts,
and Nursing Home Residents

Richard J. Whitley and Arnold S. Monto®

The pediatric population experiences preventable hospitalizations and serves as a reservoir for influenza and
its transmission to other children as well as adults. As a consequence, the Advisory Committee on Immunization
Practices has recommended initiating influenza immunization of children as young as 6 months of age through
23 months of age and, recently, up to 5 years of age. However, immunization of older children has not yet
become a priority of the US Public Health Service. As a consequence, the importance of antiviral agents,
particularly neuraminidase (NA) inhibitors, cannot be overemphasized. From an epidemiological perspective,
influenza resulted in higher childhood mortality than did Bordetella pertussis infection in 2003-2004. During
that season, 153 children died of influenza, and two-thirds were <5 years of age. Importantly, nearly 50% of
these children were previously healthy, with no underlying illness. Currently, 2 NA inhibitors are approved
for the treatment of influenza in children. Zanamivir is approved for children >7 years of age, and oseltamivir
is approved for children >1 year of age. Arguably, the younger children are at particular risk for influenza
complications and hospitalization. In placebo-controlled studies in children >1 year of age, oseltamivir therapy
accelerated resolution of clinical illness and defervescence and decreased both the incidence of otitis media
and the concomitant use of antibiotics. However, oseltamivir is not currently approved for children <1 year
of age. Three clinical toxicology studies identified neurotoxicity in newborn rats administered this medication.
In these preclinical toxicology studies, the dose of oseltamivir exceeded that which would be used in humans.
In addition, the metabolism of oseltamivir is different in rats than in humans. A key component of influenza
therapy is the possibility for development of resistance. Although in studies performed in North America,
resistance was not a frequent event, it has been documented in Japanese children treated with this medication;
the adequacy of the dose used has been questioned. Children represent only one unique study population
among others. Individuals who are at increased risk for influenza infection include the elderly, the immu-
nocompromised, and pregnant women. Collectively, antiviral medications must be evaluated in populations
in which they have not yet been assessed. The development of additional antiviral drugs is an important
recommendation for the future, so that antiviral resistance can be circumvented. Similarly, availability of
drugs for children <1 year of age is mandatory.

Children are a unique population with respect to in-
fluenza. They shed larger quantities of virus and for a
longer time than other patient groups and are very
effective at transmitting influenza virus to other family
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members and to others within the community [1].
Young children have high rates of influenza-associated
complications that require hospitalization. The Advi-
sory Committee on Immunization Practices (ACIP) of
the Centers for Disease Control and Prevention (CDC)
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recommends routine vaccination of children 6-23 months of
age and has recently extended the recommendation to children
up to 5 years of age [2]. Older children are not included in the
groups targeted for annual vaccination unless they have chronic
medical conditions that put them at increased risk for compli-
cations. Consequently, vaccination uptake in healthy children is
low; for example, in 2004-2005, only 12% of healthy children
were vaccinated against influenza [3]. The role of children in the
transmission of influenza has generated interest in the potential
benefits of routine vaccination of children. However, the current
low vaccination uptake rates in children and in other populations
mean that there is a need for effective treatments.

Other special populations include pregnant women, immu-
nocompromised hosts, and the elderly, particularly those housed
in communal facilities. These patient groups are at increased
risk for serious complications of influenza. Here, we consider
the epidemiological profile and management of influenza in
children and in patient groups who are at increased risk from
influenza infection.

CHILDREN

Children at high risk for serious complications of influenza
include those who are immunocompromised, those with asthma,
and those born prematurely who have chronic lung disease
(also known as “bronchopulmonary dysplasia”) and are con-
sequently more susceptible to lung infection as they age. Anal-
ysis of hospitalization rates by age and risk group shows that,
in children <4 years of age, hospitalization rates in high-risk
children are significantly greater than in low-risk children and
approach those seen in high-risk patients 65-74 years of age
(table 1).

The clinical presentation of influenza in school-age children
and adolescents is similar to that in adults and includes fever,
cough, myalgia, headaches, sore throat, chills, tiredness, and
general malaise. In preschool children and infants, influenza
can be more difficult to identify, because the symptoms are
similar to infections caused by other respiratory viruses, al-
though clearly the epidemiological profile of infection in the
local community and the use of rapid diagnostics are of value
when treatment options are being considered. Compared with
older populations, children experience a higher frequency of
central nervous system complications, including encephalitis,
myelitis, Guillain-Barré—type polyradiculopathy, and postinfec-
tious encephalitis, often associated with very poor outcomes
[4, 5]. Children are also at increased risk for primary viral
pneumonia and secondary bacterial lung infections [4].

The 2003-2004 influenza season in the United States was
particularly severe, compared with other recent seasons, es-
pecially among young children. Because of early reports of
death among children, the CDC implemented surveillance of
childhood deaths associated with influenza and subsequently

Table 1. Hospitalization rates for patients, by age and
risk group (interpandemic years).

Hospitalization rate per 100,000 persons

With high-risk Without high-risk
Age, years medical conditions medical conditions
<4 3562 509
5-14 274 39
15-64 873 125
65-74 4235 605
=75 8797 1257

NOTE. Data are from the Centers for Disease Control and Pre-
vention (available at: http://www.cdc.gov). High-risk medical condi-
tions are as defined by the Advisory Committee on Immunization
Practices [2]—that is, chronic disorders of the pulmonary or cardio-
vascular systems, including asthma; immunosuppression; metabolic
or endocrine disorder; long-term aspirin therapy; renal disease; preg-
nancy; and hemoglobinopathy.

conducted a review of case reports, medical records, and au-
topsy reports of children who had tested positive for influenza
and then died [6]. There were 153 deaths among children (<18
years of age): 96 of those deaths occurred in children <5 years
of age, but 57 occurred in children 5-17 years of age. Although
33% of the children had an underlying condition recognized
to increase the risk of complications and 20% had other chronic
conditions, 47% of the children had previously been healthy.
Furthermore, among children =6 months of age, 59% were
otherwise healthy and had no increased risk for mortality sec-
ondary to influenza. This highlights the significant impact that
seasonal influenza can have on both high-risk and otherwise
healthy children during a severe influenza season and empha-
sizes the need to address influenza management in children.
Goals for pediatric patients include educational programs in
schools regarding the benefits of childhood immunization and
the role of children in the transmission of influenza infection,
increasing influenza vaccine uptake particularly among healthy
school children, and early diagnosis and treatment (see the
Appendix).

Live attenuated vaccines for young children. The article
by Nichol and Treanor in this supplement [7] reviews the ef-
ficacy and effectiveness of influenza vaccines in older children.
A global, pivotal phase 3 study comparing a cold-adapted live
attenuated influenza vaccine (LAIV) with trivalent inactivated
vaccine (TIV) was conducted in almost 8500 children 6-59
months of age, during the 2004-2005 influenza season. Overall,
for matched and mismatched strains, rates of culture-confirmed
influenza were reduced by 55% in those vaccinated with LAIV
compared with those vaccinated with TIV (3.9% vs. 8.6%, re-
spectively) [8]. Rates of adverse and serious adverse events were
comparable. The data for the live vaccine are very encouraging
and, if approved, would permit vaccination of young children
with an effective LAIV that is currently licensed only for healthy
subjects 5-49 years of age.
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Table 2. Oseltamivir treatment of influenza in children.

Variable

Oseltamivir Placebo
(n=217) (n = 235)

Time to resolution of all illness
Time to return to normal health and activity

Subjects with otitis media (after initiation), no./total (%)

101.3h (4.2d® 137 h (5.7 d)
67.1h(2.8d° 111.7h 4.7 4d)
29/183 (16)° 53/200 (27)

NOTE. Data are from [10].

@ A 36-h (26%) reduction (P<.0001), compared with placebo.
b A 45-h (40%) reduction (P<.001), compared with placebo.

¢ A 40% risk reduction, compared with placebo.

Influenza treatment in children. The neuraminidase (NA)
inhibitors zanamivir and oseltamivir are both approved for the
treatment of influenza in children. Zanamivir is approved for
children starting from 7 years of age. Oseltamivir is the only
drug available for treatment of influenza in young children,
from 1 year of age, which is particularly important because of
the role that young children play in the transmission of influ-
enza. However, it is not approved for use in children <1 year
of age, because preclinical animal toxicology indicated signif-
icant neurologic toxicity in the rat model [9]. In these studies,
the dose of oseltamivir exceeded that which would be used in
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humans, and the metabolism of oseltamivir in rats is different
from that in humans. The unmet need for influenza treatment
in children <1 year of age warrants repetition of the animal
toxicology studies followed by evaluation of oseltamivir in phar-
macokinetic and pharmacodynamic studies, to clarify whether
oseltamivir can be used in this group.

A randomized, double blind, placebo-controlled study eval-
uated oseltamivir in 452 children with influenza, 1-12 years of
age [10]. The median duration of illness (primary end point)
was reduced by 36 h (26%) in oseltamivir recipients (to 4.2
days) compared with placebo recipients (5.7 days), when the
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Figure 1. Adjusted rates of acute cardiopulmonary events per 10,000 woman-months of observation, by medical risk and pregnancy status, among
women 15—44 years of age. Incidence rates are shown for high-risk (at least 1 risk factor for influenza-related serious morbidity) and low-risk (no
identifiable risk factors for influenza morbidity) women. Reprinted with permission from [13].
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Table 3. Treatment of influenza in immunocompromised patients.

Progression to pneumonia, %

Population Episodes,
[reference], drug no. Treatment No treatment Outcome(s)
BMT, leukemia [17]
M2 inhibitor 15 NE NE Resistant virus in 33%; influenza deaths in 2
patients (13%)
HSCT, leukemia [15]
M2 inhibitor 59 85 76 Progression to pneumonia in 35% of treated patients
vs. 76% of untreated patients
HSCT, leukemia [16]
Rimantadine 8 13 Progression to pneumonia in 1 treated patient (13%)
16° and in 6 (18%) of 34 untreated patients
Oseltamivir 9 0 Progression to pneumonia in O treated patients and
in 6 (18%) of 34 untreated patients
BMT [18]
Oseltamivir 41° 5 NE No mortality

NOTE. BMT, bone marrow transplant; HSCT, hematopoietic stem cell transplant; NE, not evaluated.

% n=34.
® 18 influenza A, 23 influenza B.

drug was given within 48 h of the onset of illness (table 2).
Similarly, the median time to return to normal health and
activity was reduced by 45 h (40%). There was also a 40%
reduction in the number of subjects with otitis media, resulting
in a concomitant 40% reduction in antibiotic use.

During treatment, 5.5% of oseltamivir-treated patients had
evidence of influenza virus resistant to oseltamivir [10]. How-
ever, a Japanese study showed development of resistant virus
in 18% of children [11]. Renal clearance of the active carbox-
ylate metabolite of oseltamivir is significantly higher in younger
children than in older children and adults [12] and necessitates
adjusting drug dosage according to weight for those 1-12 years
of age. This was not taken into consideration in the Japanese
study and may have resulted in suboptimal dosing, which con-
tributed to a higher frequency of resistant viruses. Furthermore,
the majority of the children with resistant virus (8/9) were <3
years of age, the group with the highest level of virus and the
longest duration of viral shedding, which would allow more
opportunity for selection of resistant virus.

PREGNANT WOMEN

The impact of influenza on pregnant women was evaluated by
comparing the rates of acute cardiopulmonary events in women
at different stages of pregnancy with those in nonpregnant and
postpartum women [13]. The groups were further categorized
into low and high risk, according to the presence of risk factors
for influenza-related serious morbidity. The incidence of acute
cardiopulmonary hospitalizations during the influenza season
increased with increasing length of pregnancy and was highest
in those in their third trimester of pregnancy who also had
high-risk medical conditions (figure 1A). The event rates at-
tributable to influenza were >10 per 10,000 woman-months at
all stages of pregnancy in women with identified medical risk

factors (31, 16, and 21 attributable events per 10,000 woman-
months among high-risk women in their first, second, and third
trimesters, respectively). However, women in their third tri-
mester without other identified risk factors for influenza mor-
bidity also had an increased event rate compared with non-
pregnant and postpartum women, with 10.5 excess events per
10,000 woman-months attributable to influenza (figure 1B)
[13]. In the United States, the ACIP includes pregnant women
in the high-priority group recommended for influenza vacci-
nation [2]. In terms of therapeutic intervention with NA in-
hibitors, this population has not received significant attention,
because of concerns regarding the potential effects of these
drugs on the fetus.

THE IMMUNOCONMPROMISED HOST

Influenza causes significant morbidity and mortality in patients
with compromised immune systems. Immunocompromised
patients are at very high risk for serious complications of in-
fluenza that result in high rates of hospitalization, intensive
care unit admission, and mortality. Transplant recipients who
acquire influenza experience high rates of pulmonary compli-
cations, particularly viral pneumonia [14]. A study of hema-
topoietic stem cell-transplant recipients showed progression to
pneumonia in 63% of patients, with 43% of cases associated
with mortality [15]. Transplant recipients with influenza also
have a high rate of extrapulmonary complications and, sub-
sequent to influenza, may experience high rates of graft dys-
function and rejection [14].

Influenza treatment. One of the key issues in the man-
agement of influenza in the immunocompromised host is the
higher levels of influenza virus and prolonged viral shedding
[16] not dissimilar to that seen in children. There have been
several small treatment studies using the currently available
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drugs but no large-scale clinical trials adequately powered with
well-defined primary end points (table 3). The M2 inhibitors
appeared to be effective in reducing progression to pneumonia,
but the rapid emergence of drug-resistant virus limits their use
in immunocompromised patients [15, 17]. Oseltamivir has also
been shown to prevent progression to pneumonia (table 3) [16,
18] and warrants further investigation in well-controlled stud-
ies. However, the persistent viral shedding observed in immu-
nocompromised patients, despite antiviral therapy, may pro-
mote the emergence of antiviral resistance. Oseltamivir resis-
tance was reported recently in 3 severely immunocompromised
patients [19], and it is likely that the degree of immunosup-
pression contributed to the lack of viral clearance and subse-
quent emergence of resistant virus. Combination therapy with
2 NA inhibitors should be investigated in this population, to
reduce viral levels further. In addition, 2 of the 3 patients had
not been vaccinated against influenza, indicating the need for
further work to increase vaccination in this patient population.

NURSING HOME RESIDENTS

Elderly persons are among those at greatest risk of developing
influenza-related complications. However, compared with el-
derly persons living in the community, nursing home residents
are at even higher risk of serious influenza-related compli-
cations [20, 21]. Annual vaccination is an essential component
of influenza prevention in the elderly population. The risk of
influenza outbreaks is increased in nursing homes where vac-
cination rates are <80% (outbreaks in 54.5% of nursing homes)
compared with those where they are >80% (outbreaks in 21.7%
of nursing homes), as well as in large nursing homes (>100
beds; outbreaks in 58.8% of nursing homes) compared with
smaller facilities (<100 beds; outbreaks in 25% of nursing
homes), suggesting a role of herd immunity [22]. Vaccination
also appears to be more effective in younger residents (46%
effective in those 65-84 years of age) compared with older
residents (34% effective in those >84 years of age) [23]. This
reduced effectiveness of influenza vaccination in the very old
may be due to suboptimal antibody response resulting from
immune senescence [24]. The serious complications associated
with influenza in these patients emphasizes the need for new
approaches for influenza vaccines, using improved adjuvants
or strategies to enhance the immune response. Vaccination of
nursing home staff is another important strategy to prevent
influenza outbreaks in nursing homes, to help prevent intro-
duction of influenza into the nursing home [22].
Prophylactic use of oseltamivir can provide protection to nurs-
ing home residents in addition to that provided by vaccination.
In frail, older nursing home residents, the majority of whom
had been vaccinated against influenza, oseltamivir (once daily
for 6 weeks) was 92% effective in preventing laboratory-con-
firmed clinical influenza (placebo, 4.4% [12/272]; oseltamivir,

0.4% [1/276]) [25]. Use of oseltamivir to treat influenza out-
breaks in nursing homes suggested a reduction in serious com-
plications, use of antibiotics, hospitalization, and death in those
given oseltamivir within 48 h after the onset of symptoms,
compared with no therapy or with late oseltamivir therapy,
although the patient numbers were relatively small [26].

RESEARCH NEEDS

Further research is required on the natural history of influenza
in immunocompromised patients and pregnant women, to de-
termine the potential benefits that could be achieved by treat-
ment and to enable consideration of these benefits versus the
possible risks of therapy—for example, the development of
resistance in the immunocompromised host and the risks to
the fetus in pregnant women. Clinical trials of antiviral agents
are needed in at-risk populations to address whether mono-
therapy will be adequate or whether its use in these patients
will lead to the rapid emergence of resistance. Combination
therapy should be investigated as an option in immunocom-
promised patients.

For children, initiatives are needed to extend the current
vaccine recommendations to older children, because of the role
that children play in the transmission of influenza to others in
the family, at school, and in the wider community. Consider-
ation should be given to the use of cold-adapted LAIV in young
children. With respect to influenza treatment, there is an unmet
need in children <1 year of age that warrants reevaluation of
oseltamivir in animal models to assess the neurotoxicity issues,
followed by pharmacokinetic and pharmacodynamic studies in
infants to understand whether oseltamivir can be used in this

group.
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APPENDIX

GOALS FOR PEDIATRIC PATIENTS

Educational programs in the school system

1. Encourage children to be immunized
2. Educate parents and teachers about person-to-person
transmission, so that
e Parents keep sick children at home, thereby prevent-
ing person-to-person transmission in the classroom
o Teachers are not biased against children who miss
school because of influenza

Prevent influenza, by use of vaccination

1. Increase vaccine uptake in older healthy children (cur-
rently only 12%)
e To prevent influenza in these children

¢ To reduce transmission to others in the community

Diagnose and treat influenza early

1. Increase availability of rapid diagnostics
2. Educate parents about signs and symptoms of influenza,
to encourage early diagnosis and treatment.
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