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Background Influenza burden estimates help provide evidence to sup-
port influenza prevention and control programs at local and interna-
tional levels.

Methods Through a systematic review, we aimed to identify all pub-
lished articles estimating rates of influenza-associated hospitalizations,
describe methods and data sources used, and identify regions of the
world where estimates are still lacking. We evaluated study heteroge-
neity to determine if we could pool published rates to generate global
estimates of influenza-associated hospitalization.

Results We identified 98 published articles estimating influenza-as-
sociated hospitalization rates from 2007-2018. Most articles (65%)
identified were from high-income countries, with 34 of those (53%)
presenting estimates from the United States. While we identified few-
er publications (18%) from low- and lower-middle-income countries,
50% of those were published from 2015-2018, suggesting an increase
in publications from lower-income countries in recent years. Eighty
percent (n=78) used a multiplier approach. Regression modelling
techniques were only used with data from upper-middle or high-in-
come countries where hospital administrative data was available. We
identified variability in the methods, case definitions, and data sources
used, including 91 different age groups and 11 different categories of
case definitions. Due to the high observed heterogeneity across articles
(I’>99%), we were unable to pool published estimates.

Conclusions The variety of methods, data sources, and case defini-
tions adapted locally suggests that the current literature cannot be syn-
thesized to generate global estimates of influenza-associated hospital-
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ization burden.

Seasonal influenza epidemics are important contributors to the global bur-
den of hospitalizations each year [1]. The World Health Organization’s
(WHO) Pandemic Influenza Preparedness Partnership Contribution Im-
plementation Plan 2013-2016 called for a better understanding of influen-
za disease burden globally, especially in low-income and tropical climate
countries [2]. Quantifying influenza disease burden at a national, region-
al, or global level may help countries understand the relative importance
of influenza as a public health priority, identify potential target groups for
influenza prevention and control strategies, and explore the cost benefit of
these interventions [3,4].
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Improvements in laboratory and surveillance capacity in many middle- and low-income countries since
the 2009 influenza A(HIN1) pandemic have allowed countries to better understand influenza virus trans-
mission within their population and collect the requisite data to estimate influenza-associated disease bur-
den [5]. In 2015, the WHO published guidance to leverage hospital-based influenza surveillance data
to estimate rates of influenza-associated hospitalizations [6]. These guidelines focus on a multiplier ap-
proach. This approach, in brief, estimates influenza-associated hospitalization by multiplying counts of
hospitalizations by the portion of samples from sentinel surveillance testing positive for influenza viruses
on a weekly, monthly, or annual level then summed across the year. The approach was designed for use
with severe acute respiratory infection (SARI) surveillance data often collected in low income hospital
settings following WHO guidelines [7]. An adjustment to the population denominator can be used when
the number of hospitalizations collected does not represent all of the hospitalizations occurring within
the population, such as when hospitalizations are only captured from one hospital but three exist in the

region. An alternative method is based on regression modelling, which estimates excess influenza-associ-
ated hospitalizations and has commonly been used for estimating excess deaths due to influenza [8-10].
The regression modelling approach often requires a greater number of years of data with a larger sample
size than the multiplier approach in order for the models to converge [10]. In both approaches, research-
ers use a variety of data sources and adjustments to generate their estimates of influenza-associated hos-
pitalization at the local level [11-13].

Through a systematic review, we aimed to identify all published articles estimating rates of influenza-asso-
ciated hospitalizations, describe methods and data sources used, and identify regions of the world where
estimates are still lacking. We evaluated study heterogeneity to determine if we could pool the current
literature to generate global estimates of influenza-associated hospitalization. This review will inform fu-
ture efforts to generate global estimates of influenza-associated hospitalization burden.

METHODS

Search strategy and extraction

We systematically searched six computerized literature databases (Medline, Embase, Cumulative Index
to Nursing and Allied Health Literature [CINAHL], Cochrane Library, Global Health, and Literatura Lati-
no-Americana e do Caribe em Ciéncias da Saude [LILACS]) to identify articles published from January
1, 2007 - February 28, 2018. As one of our exclusion criteria for laboratory testing was the exclusion of
publications using laboratory tests other than reverse transcription polymerase chain reaction (RT-PCR),
we limited our search window to articles published in 2007 or later, as RT-PCR testing was rarely used
before 2007 [11]. Search terms included “influenza,” “burden,” “hospitalization,” and “disease incidence,”
and we did not limit results by language or place of publication. Details of the search strategy used are
presented in Table S1 in the Online Supplementary Document.

Article selection

Once we removed duplicate publications, two independent reviewers screened titles and abstracts for
potential exclusion based on the criteria presented in Table 1. We reviewed full text articles for all re-
maining titles and abstracts and any with discrepant reviews. Two independent reviewers evaluated En-
glish and Spanish full text articles using ranked exclusion criteria detailed in Table 1. A native speaker
reviewed non-English and non-Spanish articles, summarized each article, and responded to questions
from two reviewers who independently evaluated each article. A third reviewer was asked to review any
articles with discrepant decisions about exclusion and all three reviewers discussed the article until the
discrepancy was resolved. We looked for additional publications by reviewing references of reviewed ar-
ticles with influenza-associated hospitalization rates.

Analysis

For accepted articles, we used a standardized tool to extract data for analysis, including information about
country, region, or sites where data were collected, case definitions, data sources, estimation methods, influ-
enza virus laboratory testing methods, and rates of influenza-associated hospitalizations. When available, we
also obtained confidence intervals (Cls) or other reported measures of error for rates of influenza-associated
hospitalization. We classified age group-specific rates into the age grouping that most closely matched eight
age groups used by WHO (all ages, <2 years, 2-4 years, <5 years, 5-14 years, 15-49 years, 50-64 years, and
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Tahle 1. Exclusion criteria for title and abstract and full text review

TITLE AND ABSTRACT EXCLUSION CRITERIA (NOT RANKED) FULL TEXT EXCLUSION CRITERIA (RANKED)

Only presented data on non-human infections of influenza Only presented data on non-human infections of influenza

Only presented data on human infections of avian, swine, or novel . . .
Article focused on a particular patient or case study

influenza

Article focused on a particular case study For non-modelling papers, no influenza testing performed

For non-modelling articles, no influenza testing performed No data on hospitalized patients presented

No data on hospitalized patients presented No methods for estimating catchment population specified for hospital

No methods for estimating catchment population specified for hospital No estimates of influenza-associated hospitalization rates presented

If laboratory testing for infl fi d firmati i
aboratory e_s 1r.1g or intuenza per. Orme ; 1o CoTLIrmAtion using If laboratory testing for influenza performed, no confirmation using RI-PCR
reverse transcription polymerase chain reaction (RI-PCR)

Less than 12 months of data (or one full influenza season) presented Less than 12 months of data (or one full influenza season) presented
Estimates or data only available during 2009 pandemic period for Estimates or data only available during 2009 pandemic period for influenza
influenza A(HIN1)pdmO09 AHIN1Dpdm09

Estimates only presented for special populations or risk groups (eg, Estimates only presented for special populations or risk groups (eg, pregnant
pregnant women, health care workers) women, health care workers)

Only mortality estimates presented Only mortality estimates presented

>65 years) [6]. We categorized methods used to estimate influenza-associated hospitalization rates into either
multiplier or regression modelling approach. For regression models, we further noted whether the model
included covariates for laboratory confirmed influenza virus circulation. We also categorized the method
used to identify hospitalized patients as either: symptom-based identification through logbook, chart re-
view, or patient interview, or diagnosis-based identification using administrative databases using Interna-
tional Classification of Disease codes. We captured the case definition used by the study to define their rate
numerator and summarized these case definitions into 11 categories (Table S2 in the Online Supplemen-
tary Document). All extracted rates were population-based rates, where article authors defined a catchment
population of hospital study sites to use as their rate denominator. We extracted any information on meth-
ods used to adjust catchment populations, such as health care utilization or hospital administrative surveys.

We assessed study heterogeneity to determine if rates could be logically pooled using meta-analysis. For
this quantitative analysis, we included only a subset of the full data set: all nonzero, nonnegative rate esti-
mates with a reported measure of error. We excluded zero and negative rates because the log rate variance
was too great for the models to run. Only overall influenza-associated hospitalization rates were included;
influenza type- or subtype-specific estimates were excluded. We used a three-level random effects me-
ta-regression model to account for within article clustering. Study heterogeneity was assessed statistical-
ly using the Cochran Q test and the I” statistic [14]. As the heterogeneity between articles remained high
(I>>75%), we were unable to complete a meta-analysis to generate pooled summary estimates [14]. Anal-
yses were completed using R software 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria)
and Stata 13.1 (StataCorp, College Station, TX, USA).

RESULTS

Article selection

Our database search identified 3949 articles of potential interest, and we identified 30 additional arti-
cles through the review of relevant bibliographies (Figure 1). After we reviewed titles and abstracts, we
excluded 3346 articles. Of the 633 articles not excluded during the title and abstract review, we accept-
ed 98 for data extraction. We most frequently excluded articles in the full-text review for not using and
defining a catchment population for hospitalizations (44%, n=238/535) or for not performing influenza
testing in non-modelling articles (25%, 135/535). Details of the articles included in this review are pre-
sented in Table S3 in the Online Supplementary Document.

Article methods and data sources

Of the 98 extracted articles, 2867 estimates of influenza-associated hospitalization rates were available
from 39 countries (representing 64% of the global population) [15]. The majority of articles (n=78,
80%) used a multiplier approach to generate influenza-associated hospitalization rates (Table 2). Nine-
teen (19%) used a variety of regression modelling techniques, such as Poisson (n=5, 26%), linear (n=4,
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by title and abstract
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98 articles included

Rates from 59

qualitative analysis

39 articles excluded from
quantitative analysis: no
measure of error for rate

535 full-text articles excluded:

-No description of catchment population (n=238)

-No influenza testing performed in non-modelling
papers (n=135)

-No inpatient data (n=62)

-No rates of influenza-associated hospitalization (n=44)
-when influenza testing done, rt-PCR not used (n=25)
-Estimates only available for special populations or risk

articles used in
quantitative analysis

groups (n=18)

-Data covered <12 months (or one full season) (n=7)
-Estimates only available during the 2009 pandemic
period for A(HIN1)pdmO09 strain (n=3)

-Only cases of avian, swine, or novel influenza (n=2)
-Only mortality data available (n=1)

estimates provided, or
negative or zero point
estimate

Figure 1. Identification and selection of eligible articles for the systematic review of rates of influenza-associated
hospitalization.

Tahle 2. Characteristics of articles meeting inclusion criteria

MuLTIPLIER APPROACH REGRESSION MODEL

Variable Nl_lmber (%) of Number of Number of countries quber (%) of Number of Numbe}' of
articles (n=78)* rates articles (n=19)* rates countries
‘World Bank income grouping:
High 48 (62) 686 12 15 (79) 972 8
Upper-middle 11 (14) 184 7 421 67 2
Lower-middle 9 (12) 329 6 0(0) — —
Low 9 (12) 612 4 0(0) — —
‘World Health Organization region:
Sub-Saharan Africa 11 (14) 672 4 0(0) — —
Americas 35 (45) 478 5 7 (37) 693 3
Eastern Mediterranean 4 (5) 108 3 0(0) - —
Europe 11 (14) 135 6 5 (26) 164 3
South-East Asia 4 (5) 148 3 0(0) — —
‘Western Pacific 12 (15) 270 8 7 (37) 182 4
Case definition: ¥
ARI with fever 24 (31) 884 18 0 (0) — —
AR, fever not required 18 23) 271 9 3(16) 41 3
Pneumonia 9 (12) 140 6 0 (0) — —
Influenza 34 (44) 421 8 2(11) 97 2
Pneumonia and influenza 1(D) 35 1 12 (63) 252 10
Respiratory 0 - - 947 170 5
Circulatory 0 (0) — — 3(16) 31 3
Respiratory and circulatory 0() - - 5 (26) 400 4
Acute medical illness 2 (3) 61 1 1(5) 9 1
All cause 0 (0) - - 2 (11) 14 2
Sepsis 0 - - 105 4 1
Case-patient identification method:
Symptom-based identification 43 (55) 1,311 25 0 (0) - -
Administrative database 35 (45) 501 9 19 (100) 1,039 10
Denominator adjustment:
None 12 (15) 221 9 3 (16) 88 2
Hospital administrative survey 13(17) 221 9 0 (0) — —
Healthcare utilization survey 9 (12) 654 7 0(0) - -
Complete population coverage 42 (54) 656 14 15 (79) 832 8

ARI — acute respiratory infection
*Total percentages may add to more than 100%, as some articles may contain results that fall into multiple categories.
tSee Table S2 in the Online Supplementary Document for detailed case definitions.
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21%), and negative binomial (n=8, 42%) regression. Of the articles using regression methods, two did
not include influenza covariates in their models and each used a different model type (linear regression
and autoregressive integrated moving average [ARIMA] models) [16,17]. Across the 98 extracted articles,
91 different age groups were used. Fifteen extracted articles were published from 2007-2010, 52 from
2011-2015, and 31 from 2016-February 2018 (Figure 2).

Sixty-four articles (65%) presented rates from high-in-

1 Western Pacific come countries, as defined by the World Bank, whereas
1| OSouth-East Asia 18 (18%) presented rates from lower-middle-income or
®Europe low-income countries [18]. All 18 articles presenting rates

-
~

Eastern Mediterranean from lower-middle- or low-income countries used a mul-
B Americas

=
)

tiplier approach (Table 2). Six of the nine articles with

B Sub-Saharan Africa

rates from low-income countries presented data from

Kenya [19-24]. The majority of extracted articles using

Number of articles
o

either a multiplier approach or regression modelling tech-
niques (n=46/78, 59% and n=12/19, 63%, respective-
ly) presented rates from countries in the Americas or Eu-

, rope. Thirty-four of the articles overall (35%) included
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 eStlmateS from the Unlted States All art1C1eS presentlng
Year of publication rates from countries in the Sub-Saharan Africa, Eastern

Figure 2. Distribution of extracted articles by publication year and Mediterranean, and South-East Asia regions used a mul-

World Health Organization region. tiplier approach.

All extracted articles presented a variety of different case definitions or discharge diagnoses to identify
potential influenza-associated hospitalizations. Thirty-six articles (37%) defined hospitalizations based
on laboratory-confirmation of influenza or a discharge diagnosis of influenza; the vast majority of these
(n=34/36) used a multiplier approach. Forty-one articles (42%) used a case definition of hospitalized
acute respiratory infection (ARI); 20 focused on ARI with fever, 17 on ARI without a fever requirement,
and four using both ARI with fever and ARI without fever case definitions. Certain case definitions, such
as all respiratory, all circulatory, combined respiratory and circulatory, or all-cause diagnoses, which rep-
resent broad categories used to code administrative data, were only used in articles using regression mod-
elling techniques. Overall, 17 (17%) articles estimated influenza-associated hospitalization rates using
more than one case definition. Of these, nine (53%) articles used regression modelling techniques where
authors compared estimates across different case definitions (eg, all respiratory, all circulatory, and pneu-
monia and influenza diagnostic codes). The remaining eight articles (47%) used multiplier techniques
with different case definitions for different age groups (n==8) or different years (n=1) following WHO case
definitions [25]. While we focused on 11 categories of case definitions for this review, there were many
small differences between individual articles within each of these categories. For example, we identified
eleven different definitions of ARI requiring fever and fourteen additional definitions of ARI without the
fever requirement (Table S2 in the Online Supplementary Document).

All 19 articles that used regression modelling techniques identified hospitalizations using administrative
databases. Forty-five percent (n=35) of articles using a multiplier approach identified hospitalizations
using administrative databases and all were describing high and upper-middle-income countries. Fif-
ty-seven (58%) articles noted that the hospitalizations identified represented all hospitalizations in their
study region (complete population coverage). All articles using a health care utilization survey (n=9) or a
hospital administrative survey (n=13) to adjust the population denominator used a multiplier approach.

Extracted rates

A median of three years of data were presented in each article (interquartile range: 2-6 years), with esti-
mates from 1991-2017. We observed variability in rates of influenza-associated hospitalizations by age
group, region, and method. Across all study years, annual rates, per 100000 population, ranged from -11
to 7543 for children aged <2 years, -12 to 3417 for children aged 2-4 years, -4 to 4763 for children aged
<5 years, -2 to 999 for children aged 5-14 years, -3 to 325 for persons aged 15-49 years, -20 to 179 for
persons aged 50-64 years, and -40 to 1437 for persons aged >65 years (Figure 3). There were 17 pub-
lished annual influenza-associated hospitalization rates, from four articles [8,9,26,27], that were negative
using regression models; of which, 53% were estimated rates of influenza-associated circulatory hospital-
izations. By case definition, influenza-associated all-cause hospitalizations and influenza-associated acute
medical illness hospitalizations had the highest median rates (118 and 123 per 100 000 respectively); the
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Figure 3. Published population-based rates of
influenza-associated hospitalization, by com-
bined age groups.
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Figure 4. Published population-based rates of
influenza-associated hospitalization, by case
definition categories. ARI — acute respiratory
illness, P+I — pneumonia and Influenza, R+C
— respiratory and circulatory.

highest individual rate (7543 per 100 000) resulted from an estimate where
hospitalizations were defined as of ARI requiring fever (Figure 4). Overall,
annual rates using regression modelling were more tightly grouped (mean:
57.8,95% CI: 51.6, 63.9 per 100000) compared to those using a multipli-
s er approach (mean: 134.3; 95% CI: 112.7, 155.9 per 100000) (Figure S1
] in the Online Supplementary Document).

°

Out of all extracted rates, 928 (35% of 2687) had no reported measure of
error, an additional 12 had negative point estimates, and 109 rates were
zero. These rates were all excluded from our evaluation of heterogeneity.
After limiting the quantitative analysis to non-type or subtype specific (all
influenza) estimates, 1500 rates from 54 articles remained. The Cochran
Q test indicated the presence of heterogeneity (Q=1.3x107, P<0.001), and
the I statistic attributed 99.97% of the variance in the estimates to study
heterogeneity rather than chance. Therefore, we were unable to generate
. pooled summary estimates or conduct a meta-analysis. Even after stratify-
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come classification, or World Health Organization region, study heteroge-
neity remained high within each sub-group (>99%) (Table S4 in the Online
Supplementary Document).
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DISCUSSION

In recent years, there has been an increased focus and support for countries
to understand the influenza burden in their populations and these efforts
have contributed to a need to understand influenza burden at the global lev-
el, as well. In our review, we identified 39 countries that have estimated in-
fluenza-associated hospitalization burden in their populations, with the ma-
jority of articles being published from 2014-2018. However, we also found
substantial variability in these published rates, as well as, the approaches,
age groups, case definitions, data sources, and other factors being report-
ed. Because of this large heterogeneity in published hospitalization rates,

H—e® o

. generating pooled estimates from the current literature was not possible.

FEEEREENE
o o o 1] N . . . .
£58*ge g5 8§ Among the articles we reviewed, two main methodological approaches were
T O t= = O s 2 0 . . . . . .
£ 23 g Tz g E used: regression modelling and multiplier techniques. Regression model-
o 2 a 1 S . . . . . .
& 5 = 8 = ling methods require robust hospitalization data sets with a number of years
_ > . . . . - -
[ £ of data [10]. In our review, articles using regression modelling techniques

- Q

o <
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were limited to high-income countries with access to hospital administra-
tive databases. Because of the use of administrative data, many of these ar-
ticles used broader case definitions, such as all respiratory or all respiratory
and circulatory causes, to capture a more complete picture of influenza-as-
sociated hospitalization burden [28,29]. In most lower-income countries,
however, such administrative databases do not exist or are poorly main-
tained [30]. In all articles from lower-income countries identified in our re-
view, case-patients were identified based on a specific syndrome, such as acute respiratory illness with or
without fever, which may be more specific and less sensitive than the broader case definitions used in the
regression modelling articles. Without access to robust administrative databases or the ability to capture
case-patients with broader case definitions in lower-income countries, it is challenging to compare mod-
elled hospitalization rates for high-income countries directly to hospitalization rate estimates calculated
using specific case definitions from lower-income countries.

Among the regression modelling articles, substantial heterogeneity existed among the published hospital-
izations rates, perhaps driven by the differences the model inputs and assumptions. Only two publications
used regression modelling techniques without influenza laboratory data and each used a different model
(ARIMA [17] and linear regression [16]). We also observed differences in how authors handled negative
model outputs. Negative estimates of influenza-associated hospitalization can occur with regression mod-
els when the number of predicted hospitalizations for a given week are less than the estimated baseline
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number of hospitalizations based on seasonal patterns of influenza activity and hospitalization numbers.
In some studies, these negative values were replaced with zero [29], while other studies maintained the
original values produced by the model [9]. Some authors also included additional covariates into their
models to help reduce internal variability, such as respiratory syncytial virus circulation [31], public hol-
idays [8], weekly mean temperature [32], and weekly mean relative humidity [32]. Any of these adjust-
ments may have influenced individual estimates, adding to the observed heterogeneity.

Estimates generated using a multiplier technique were even more variable than those generated using re-
gression modelling methods. While the WHO published guidelines for estimating influenza disease bur-
den using a multiplier approach in 2015 [6], many articles were published before the guidelines were
published or interpreted the guidelines differently [30]. For example, some articles analyzed monthly
[33] or annual [34,35] data. Some incorporated adjustment factors to account for testing practices and
influenza diagnostic test type [12], whereas others did not. Some adjusted their estimates to account for
potential admissions in hospitals in the surrounding area [30], whereas others did not. Additionally, ar-
ticles using multiplier techniques used either administrative databases or symptom-based patient identi-
fication depending on available data in a country.

We also observed a high variability in published rates among articles using certain case definitions, such
as laboratory-confirmed influenza. This variability may be in part due to differences in testing practices:
differences in determining which patients are tested for influenza viruses, including per-protocol follow-
ing uniformly applied case definitions or relying on clinician discretion, and the use of different influenza
diagnostics tests [12,36]. While using a case definition of laboratory-confirmed influenza hospitalizations
may be most specific, this approach may actually underestimate true influenza burden if few hospitalized
patients with influenza illness are tested [9,37]. County-specific studies looking at practitioner testing
practices could be useful to create an adjustment factor to account for this under reporting and variabil-
ity, such as the adjustment used by researchers in the United States [12]. On the other hand, removing
the condition for laboratory confirmation and attributing hospitalizations to influenza based on a broad-
er case definition risks inflating the influenza-associated hospitalization estimates [38]. Additional stud-
ies are needed to explore the range of diagnoses and complications among individuals hospitalized with
laboratory-confirmed influenza.

We observed that, during the past decade, more countries have published estimates of influenza-associ-
ated hospitalization burden. Despite this trend, the majority of articles identified in this study were from
the United States and other high-income countries. In recent years, lower- or middle-income countries
are beginning to report on burden estimates, as many have improved and expanded their surveillance
capacity for influenza [5]. Influenza and Other Respiratory Viruses published a supplemental issue focused
on estimates of influenza burden in 2018 that highlights this improvement in capacity [39]. Among the
supplemental articles, of which 11 were included in this review, seven were from countries that had not
previously published burden estimates. Additionally, the regional WHO offices in the Eastern Mediterra-
nean and Western Pacific regions also published specific supplements, in 2016 and 2018, respectively,
for influenza disease burden estimates [40,41]. While the growing literature is encouraging, we hope to
see continued efforts to pursue and publish consistent estimates of seasonal influenza burden, specifically
from under-represented areas like the Eastern Mediterranean and South-East Asia regions.

We excluded many articles during the full text review because the authors were not able to estimate the
hospitals’ catchment population (denominator) precluding them from being able to generate popula-
tion-based rate estimates. This may have limited the number of countries included in this study. To ad-
dress this limitation, WHO published an approach in 2015 to assist countries conducting influenza virus
sentinel surveillance to estimate hospital catchment populations [6]. While only five extracted articles
[30,34,42-44] in this analysis used the WHO approach, a number of additional articles have been pub-
lished after our search period from countries that have previously not published estimates of influenza-as-
sociated hospitalization burden [45-47].

While we were not able to pool results from our systematic review of the literature, published estimates
of global influenza-associated hospitalization burden do exist. Wang X et al. [48] and The Global Bur-
den of Disease 2017 Influenza Collaborators [49] have published global estimates of influenza-associat-
ed acute lower respiratory infection hospitalizations in children <5 years and influenza lower respiratory
tract infection hospitalizations, respectively. Both groups use a combination of published and unpublished
country-level data to model burden focusing on a specific outcome measure, lower respiratory tract in-
fections. While these estimates provide one interpretation of influenza hospitalization burden, they do
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not account for alternative case definitions (outcomes) or methods for estimating influenza hospitaliza-
tion burden that are used globally and we identified in our systematic review.

Like all systematic reviews, the data on case definition and methodology we were able to capture was
limited by the information provided in each publication. Many articles published influenza-associated
hospitalization rates as a secondary objective of their study and often did not include detailed methods
or measures of error for their estimated rates. We made an effort to extract additional information from
references and reach out to authors directly, however, lack of information may have limited our review.
Additionally, a wide variety of age groups and case definitions were used across publications, which lim-
ited direct comparisons. While these age groups or case definitions may be relevant to the local context,
the variability between articles within each category made it challenging to categorize accepted articles.
Finally, we were not able to capture and account for additional factors that may have impacted published
estimates, such as population health, care seeking behaviors, access to care, hospitalization practices, lab-
oratory specimen collection and handling, and the application of case definitions. The variability in deter-
mining if a patient should be hospitalized independent of disease severity, such as bed capacity, admitting
physician, and ability to pay, could increase unmeasured variability in hospitalization burden estimates
compared to similar death burden estimates.

In conclusion, there is growing literature on seasonal influenza-associated hospitalization burden, though
estimates from lower-middle- and low-income countries are still limited. Published influenza-associat-
ed hospitalizations rates were estimated using a variety of methods, data sources, and case definitions,
which complicates the comparison and synthesis of these data on a global level. Due to the strong cor-
relation between methodologic characteristics and high variability across estimates, we were unable to
generate pooled estimates from the current published literature. Future collaborations and analyses be-
tween countries using standardized methods and case definitions across different populations or analy-
ses applying different methods in the same study population could allow for a direct comparison of the
impact of specific epidemiologic methods and help to understand the differences in rates of influenza-as-
sociated hospitalization.
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