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Abstract

OBJECTIVE: The purpose of this study was to estimate whether universal influenza vaccination of pregnant women was cost-effective in the management of influenza-like illness during influenza season.

METHODS: A decision analysis model was developed to investigate the cost-effectiveness of providing inactivated trivalent influenza vaccine to all pregnant women. This scenario was compared with providing supportive care only on a case-by-case basis to the unvaccinated pregnant population.

RESULTS: Vaccination of 100% of pregnant women would save approximately $50 per woman, resulting in a net gain of approximately 45 quality-adjusted hours relative to providing supportive care only.

CONCLUSION: Universal vaccination with inactivated trivalent influenza vaccine is cost-saving relative to providing supportive care alone in the pregnant population.

LEVEL OF EVIDENCE: III

Epidemics of influenza are responsible for up to 36,000 deaths in the United States each year. Rates of infection are highest among children, but rates of serious illness and death are highest among persons aged 65 years or older and persons of any age who have medical conditions that place them at increased risk for complications from influenza. The risks of severe illness from influenza infection are elevated among both young children and pregnant women, and both groups benefit from vaccination by preventing illness and death from influenza. Influenza-associated excess deaths among pregnant women were documented during the pandemics of 1918–19 and 1957–58.1–4 Pregnancy can increase the risk for serious medical complications of influenza.5–9 An increased risk might result from 1) increases in heart rate, stroke volume, and oxygen consumption; 2) decreases in lung capacity; and 3) changes in immunologic function during pregnancy.

Since 2004 the Centers for Disease Control and Prevention (CDC) has recommended universal vaccination for all pregnant women, regardless of gestational age.10 There are no reports of perinatal morbidity from the use of inactivated trivalent vaccine, at least 2 reports of documented safety, and 1 report that implies potential harm from fever-induced teratogenicity in the unimmunized gravida.10–14 Differing conclusions have been reached concerning the cost-effectiveness of administering influenza vaccine to the general population.15,16 However, the average rate of hospital admission for influenza-related illness in these general working populations during the flu season was generally low: 20–40/100,000.17,18 The same is not true of the pregnant woman, where influenza-related hospitalizations run as high as 500–900/100,000.19,20 We sought to estimate whether universal influenza vaccination in pregnancy was cost-effective in the management of influenza-like illness during influenza season.
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MATERIALS AND METHODS

All pregnant women aged 18–44 years in the United States were entered into a decision analysis model as a hypothetical cohort for 1 year. We adhered to the reference case guidelines of the Panel on Cost-Effectiveness in Health and Medicine.21 The analysis was conducted from the societal perspective and includes all relevant costs except secondary transmission of the influenza virus. In our effectiveness equations, we assumed that no deaths would occur, biasing the analysis in favor of the supportive care option.

Influenza-like illness is defined here as subjectively determined fever or a measured temperature of more than 37.7°C plus cough or sore throat (the World Health Organization definition).22 Although some studies with disparate definitions of influenza-like illness were used in this analysis, we adjusted the data by using different plausible rates and costs as they appeared in studies used.15

Influenza-like illness is a constellation of upper and lower respiratory conditions; therefore, it is associated with a high rate of illness. Although 40–50% of the civilian, noninstitutionalized population in the United States contracts a disease that meets this symptomatic definition during the course of an influenza season, the incidence rate of influenza virus infections is much lower, averaging less than 10 cases per 100 persons per year.15,23–27 Similar rates of influenza infection are reported in pregnant women.9,20

Supportive care only includes symptomatic treatment such as fluids, analgesics, and antitussives. No treatment specific for the flu such as oseltamivir or amantadine before hospitalization (if necessary) is included. Costs for medications received during hospitalization are included in hospitalization costs.

A decision analysis model was constructed using TreeAge Pro 2004 8.1 (TreeAge Software, Inc., Williamstown, MA). We examined 2 strategies: 1) vaccination of all pregnant women with the inactivated trivalent vaccine for 1 influenza season and 2) provision of supportive care only. The basic structure of the model was outlined by Muennig.28 The model was designed to obtain the probabilistically weighted average cost and effectiveness of each strategy by use of the inputs listed in Table 1. Each strategy was associated with a similar pathway of events: 1) the probability of illness, 2) the probability of a medical visit (including the probability of illness secondary to a primary influenza virus infection), 3) the probability of receiving antibiotics for secondary illnesses, 4) the probability of receiving over-the-counter medications, and 5) the probability of hospitalization. In the vaccination arm the probability of adverse effects was included, as were the costs of each treatment. A decision tree in simple format is included in Figure 1.
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The costs associated with hospitalization caused by influenza virus infection and its complications were obtained from the 2002 Healthcare Cost and Utilization Project, a weighted database that includes information about approximately one half of all hospital discharges in the United States.41 Charges were inflated to 2004 charges by using the consumer price index for medical care (303.6/279.6, 2004/2002). Because hospital charges may not reflect the true societal costs of hospitalization, charges were converted to costs by use of cost-to-charge ratios derived from the Medical Provider Analysis and Review System found at The Centers for Medicare and Medicaid Services.29 Wages lost from work and leisure time in the hospital and transportation savings were included ($3853 + $1278 − $3.27) in hospitalization charges. The cost of an ambulatory care visit was determined by inflating the physician costs ($42.34 + $10.00 copay) as determined by Bridges et al15 using the consumer price index for medical care (2004/1999). The cost of routine influenza vaccination is assumed to be the cost of medication administration at a routine prenatal visit: The base-case cost for the vaccine and its administration used for the present analysis was $10.00. It was assumed that this visit would not cost extra because it was a part of routine prenatal care. We estimated antibiotic and over-the-counter drug consumption and costs by use of weighted mean values from randomized controlled trials published in the medical literature.15,30

Transportation use was estimated on the basis of data from the Bureau of the Census.31 Microcosting was effected using travel to work for the number of persons driving alone, carpooling, using public transportation, walking, and using other means ($1.72). Patient time included time spent in transit to a medical clinic or hospital in addition to the time spent receiving ambulatory care (1.5 hours at $17.75/hour) or hospital services. The cost of an ambulatory visit for influenza-like illness was: $1.72 + $42.34 + $10.00 + $26.63 = $80.69. Caregiver costs ($49.70) were obtained form the medical literature and the Bureau of Labor Statistics.42,32 All costs were adjusted to 2004 U.S. dollars.

The mean rate of hospitalization was obtained from the medical literature and local data concerning maternal influenza (Sheffield J, Laibl V, Roberts S, Lorimer M. The efficacy and safety of influenza vaccination in pregnancy [abstract]. Am J Obstet Gynecol 2004;191:S66).6,20 Data concerning pregnant women and influenza are limited but encompass both U.S. and Canadian cohorts. From the medical literature we obtained the following: 1) medical visits in vaccinated and unvaccinated persons,6,15,16 2) adverse effects from vaccination,10 3) Guillain-Barré syndrome33 resulting from influenza vaccination, and 4) secondary infection arising as a result of influenza.

The efficacy of influenza vaccine against influenza-like illness was calculated as a weighted mean from studies in healthy workers because data was lacking for pregnant women.15,16 A value of 0.70 was used as the efficacy of trivalent vaccine against influenza as reported by the CDC.10

We calculated quality-adjusted life years under the assumption that no deaths would occur among pregnant women. In fact, no deaths were reported in the Healthcare Cost and Utilization Project database for several years in the studied age group of women. The Quality of Well Being scale was used to estimate the health-related quality of life for persons with influenza-like illness.34 The Quality of Well Being scale converts data pertaining to mobility, physical activity, and social dimensions of a disease, along with information about the symptoms and problems a disease produces, to an health-related quality of life score. The Years of Healthy Life measure was used to assess the baseline health status of persons in the United States.43

Baseline measurement estimates and the range of plausible values for each estimate are listed in Table 1. All variables were tested for their influence on the model by a multivariate sensitivity (“tornado”) analysis. Variables that demonstrated sufficient influence on the rank order of the cost or effectiveness of each intervention were then tested in 1-way and, where appropriate, bivariate sensitivity analyses.

We also conducted a Monte Carlo simulation under the assumption that all variables would be triangular in distribution. The triangular distribution is a probability distribution in which the baseline value of a measure is assigned the highest probability of occurrence and the extreme high and low values of a measure are assigned the lowest probability of occurrence. The probability of observing a value between the baseline value and either the high or low value assigned to a variable is linearly interpolated. The Monte Carlo simulation was performed for 1 influenza season. The primary outcomes, total cost, total effectiveness, incremental cost, incremental effectiveness, and cost-effectiveness, are presented in standard format in Table 2.
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RESULTS

Table 2 lists the average cost per person and effectiveness of the 2 interventions under study. The decision analysis model predicted that the strategy of vaccinating pregnant women aged 18–44 years was dominant (Figure 2). As can be seen in this figure, the vaccination strategy is more cost-effective for every probability of influenza-like illness. It costs more per quality of life year (quality-adjusted life year) with supportive care only. Vaccinating 50% of pregnant women aged 18–44 years (probability of influenza-like illness = 0.64) would result in a net gain of 0.00256 quality-adjusted life years or 22.2 quality-adjusted hours and savings of approximately $25 per pregnant woman relative to providing supportive care only during the flu season (Table 2). Vaccinating all pregnant women aged 18–44 years old would result in a net gain of 0.00512 quality-adjusted life years or 44.5 quality-adjusted hours and savings of approximately $50 per pregnant women relative to providing supportive care only.

[image: Fig. 2]Fig. 2. Sensitivity analysis for average cost-effectiveness of supportive care compared with vaccination for different incidences of influenza-like illness.Roberts. Cost-Effectiveness of Influenza Vaccination. Obstet Gynecol 2006.



When tested for costs, the model was most sensitive to the following variables, in decreasing order of sensitivity: incidence of influenza-like illness, incidence of influenza-like illness after influenza vaccination, probability of vaccination, and vaccine efficacy against influenza-like illness. Vaccination remained the dominant strategy when each of these variables was tested over the range of plausible values of each measure (Table 1).

The cost-effectiveness of the vaccination strategy was robust with respect to changes in the plausible values of all variables. None of the assumptions made in the analysis affected the dominance of the vaccination strategy when tested over a broad range of values. The Monte Carlo analysis predicted that vaccination would be a cost-saving strategy in 100% of all trials. Bridges et al15 reported a 50% rate of vaccine efficacy against laboratory-confirmed influenza in a healthy working population with a vaccine poorly matched to circulating virus strain in the 1997–1998 season. Even when vaccine is poorly matched to current influenza strains, cost savings are still realized (probability of vaccination = 0.5, vaccine efficacy against influenza = 0.5, vaccine efficacy against influenza-like illness = 0.28, cost savings of $22.69).

The costs of vaccination in this analysis only included the costs of the influenza vaccine given at the time of a routine prenatal visit. If all patients were to visit their obstetric care givers separately to receive the influenza vaccine during influenza season, vaccination would be associated with an incremental cost-effectiveness ratio of $7,563 per quality-adjusted life year relative to supportive care only. The cost-effectiveness ratio tells us how much it costs to save 1 year of healthy life relative to other interventions aimed at treating or preventing the same disease. Commonly accepted benchmarks for cost-effectiveness ratios are less than $50,000 per quality-adjusted life year. One recent cost-effectiveness analysis determined that the incremental cost-effectiveness ratio of vaccinating (with inactivated trivalent vaccine) all healthy adults aged 15–65 years old was $31,081 relative to supportive care.44
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DISCUSSION

Vaccinating pregnant women aged 18–44 years with the inactivated trivalent influenza vaccine during influenza season is cost-saving relative to supportive care only. Vaccination of all persons in this age group would save approximately $50 and gain 0.00512 quality-adjusted life years per person relative to supportive care. Initially, we believe a cost savings associated with approximately 50% compliance is achievable based upon recent data suggesting that 44% of obstetricians offered pregnant women influenza vaccination when the CDC recommended routine vaccination in the second and third trimester of pregnancy.35

Our study is limited by a number of factors. Besides the usual uncertainties associated with cost-effectiveness analysis, we face a more serious uncertainty in cost and probability estimation because of the paucity of data concerning influenza in the pregnant woman. Many, if not most, of the measures used here are obtained from healthy working adults. One obvious difference between healthy working adults and the pregnant woman is that hospitalization rates are much higher for influenza during the influenza season in the pregnant population. Tuiyishime et al20 reported a hospitalization rate of 900 per 100,000 in a Canadian pregnant cohort and Hartert et al19 reported a hospitalization rate of 500 per 100,000 in the third trimester in similar pregnant women in a Tennessee Medicaid cohort. These rates are in sharp contrast to those in healthy working adults where rates of admission seldom exceed 20 to 40 per 100,000 persons unless accompanied by high-risk conditions such as asthma and aged older than 65 years.10 The higher reported rates were used in the sensitivity analyses, and the cost-effectiveness of the vaccination strategy was robust to variation in the rate of hospitalization.

Only Tuyishime et al20 has described the incidence of influenza-like illness in a pregnant cohort and found it to be 0.64. This is higher than reported in nonpregnant populations and contributes to most of the variation in our model, as it does in others.44 Regardless of the incidence of influenza-like illness, however, vaccination of the pregnant woman remained cost saving. This is most certainly due to the low cost of vaccination if administered during routine prenatal care.

We used the Quality of Well Being scale to derive the health-related quality of life for persons with influenza-like illness. This instrument is based on category scaling measurements. We chose this instrument because the health dimensions it incorporates are similar to those produced by influenza-like illness. Health-related quality of life scores typically assume a value from 0 to 1.0, with 0 being equivalent to death and 1.0 equivalent to perfect health. The Quality of Well Being scale was designed to assign a value to a particular disease, and it cannot be used to estimate the overall health of a population. For this reason, we used the Years of Healthy Life measure to estimate the overall health of our cohort for persons who did not develop an influenza-like illness and for persons who recover from an influenza-like illness. Morbidity during influenza-like illness is assigned into the health-related quality of life score. To the extent that morbid costs are incurred during the illness, not including hospitalization, these are reflected in the health-related quality of life score rather than costs in the numerator of the overall measure of cost-effectiveness. Lost wages and transportation savings during the illness for influenza-like illness during home convalescence would be reflected in quality-adjusted life years rather than cost savings.

This analysis was undertaken to reflect the most recent recommendations of the CDC. An unfortunate truth is that only 44% of practicing obstetricians follow the recommendations as they applied to influenza vaccination.35 Cost saving in a low risk (eg, patients without chronic respiratory, cardiac, or diabetic disorders) pregnant population implies cost-effectiveness in the higher-risk population. That is true in this model, where a prevalence of hospital admission of only 0.003 (in low-risk pregnant patients) as opposed to 0.005 (including those with chronic respiratory conditions) does not change the cost-savings associated with universal vaccination. A more rigorous analysis including previous recommendations of the CDC that called for universal immunization in the second and third trimesters of pregnancy and immunization in those pregnant women with chronic medical conditions45 or only immunization at any time in those with chronic medical conditions might demonstrate similar cost-savings or effectiveness.46 The authors are not convinced that superior cost-effectiveness or savings will be demonstrated. We hope the presentation of these results, a simpler model, will appeal to more obstetricians and increase the use of immunization guidelines in pregnancy as they currently apply.

Decreased illness in young infants is a potential yet currently theoretic and unquantifiable benefit to maternal influenza immunization.12,47–49 To the extent that it exists, the design presented remains societal but biased. Only an underappreciation of cost savings or effectiveness is possible by its exclusion.

In 2004, the CDC changed its recommendations from routine vaccination in the second and third trimester of pregnancy to universal vaccination during any trimester during pregnancy in the influenza season.10 We hope this shift will imply a sense of safety concerning the vaccine both to physician and pregnant patient alike. There are no confirmed fetal risks from use of the inactivated trivalent vaccine in pregnancy.10–13 This change should also provide impetus to obstetric providers to realize the importance of influenza vaccination. If pregnant women received influenza vaccination during influenza seasons, both cost-savings and additional quality-adjusted life would be realized.
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Table 2. Costs, Effectiveness, and Incremental Cost-effectiveness of the 2 Interventions Studied Among
18-44-Year-Old Females

Total Incremental Total Incremental Incremental
Measure Cost ($) Cost ($) Effectiveness Effectiveness C ($)/E* C/E (ICER)
Vaccinate® 81.38 0.89676 HRQL 91/QALY
Support 106.60 25.22 0.89420 HRQL -0.00256 HRQL 119/QALY (Dominated)

ICER, incremental cost-effectiveness ratio; HRQL, health-related quality of life; QALY, quality-adjusted life years.

Total cost is the cost (in dollars) per pregnant woman in dollars for 1 pregnant woman who either receives vaccination or supportive care
only during the evaluated pregnancy. Incremental cost is the difference in cost (in dollars) between total costs for 1 pregnant woman who
receives vaccination or supportive care only during the evaluated pregnancy.

* Cost-effectiveness is the cost (in dollars) per pregnant woman relative to health-related quality of life during the evaluated pregnancy for
1 year.

t Progability of vaccination is 50% for calculation of cost/effectiveness in table.
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Table 1. Selected Measures in the Decision Analysis Model

Source
Measure Base Low High (Reference No.)
Costs ($)
Hospitalization 5,128 2,500 7,000
Guillain-Barré syndrome 100,800 70,000 130,000
Ambulatory visit for influenza-like illness 80.69 70.00 90.00 15, 30
Vaccine 10.00 5.00 15.00 37
Antibiotics 60.79 50.00 70.00 15
Over-the-counter medications 10.62 5.00 15.00 15
Caregiving 49.70 40.00 60.00 32
Adverse effects from medications 57.87 50.00 70.00 23, 30, 32
Probabilities
Development of influenza-like illness 0.64 0.22 0.69 15, 16, 20, 38-40
Guillain-Barré syndrome 0.000001 0.0000005 0.000009 33
Hospitalization 0.005 0.0005 0.009 19, 20; Sheffield*
Antibiotics, supportive care 0.727 0.14 0.8 15, 20
Antibiotics, vaccine group 0.613 0.14 0.8 15, 20
Medical visit influenza-like illness, support care 0.554 0.1 0.6 6, 15, 16, 20
Medical visit for influenza-like illness, vaccine 0.353 0.1 0.85 6, 15, 16
Medical visit related to adverse effects’ 0.01 31
Vaccine efficacy, influenza-like illness 0.4 0.2 0.6 15, 16
Vaccine efficacy, influenza 0.7 0.50 0.9 10, Sheffield*
Percent vaccinated 0.5 0.44 0.95 35, Assumption
Health-related quality of life, ILI 0.61 - 0.79 34

ILI, influenza-like illness.

* Sheffield J, Laibl V, Roberts S, Lorimer M. The efficacy and safety of influenza vaccination in pregnancy [abstract]. Am J Obstet Gynecol
20043191:566.

t Probability of advetse effocts rom influenza vaceination and antibiotics is:similar,
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