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Background: Universal varicella vaccination has proven to be cost-effec-
tive (CE) in countries where implemented. However, this has not been eval-
uated for Mexico.
Methods: The yearly disease burden (varicella cases/deaths, outpatient 
visits, and hospitalizations) was derived from Mexican seroprevalence data 
adjusted to the 2020 population. The yearly economic burden was calcu-
lated by combining disease with Mexican unit cost data from both health 
care and societal perspectives. Four different vaccination strategies were 
evaluated: (1) 1 dose of varicella vaccine at 1 year old; (2) 2 doses at 1 and 
6 years; (3) 1 dose of varicella vaccine at 1 year, and quadrivalent measles-
mumps-rubella-varicella vaccine at 6 years; (4) 2 doses of measles-mumps-
rubella-varicella vaccine at 1 and 6 years. We developed an economic model 
for each vaccination strategy where 20 consecutive birth cohorts were simu-
lated. Vaccination impact (number of avoided cases/deaths) was evaluated 
for a 20-year follow-up period based on vaccine effectiveness (87% and 
97.4% for 1 and 2 doses), and assuming a 95% coverage. We estimated 
annual costs saved, incremental cost-effectiveness ratio, and costs per life 
year gained.
Results: Avoided cases during the 20-year follow-up with 1, and 2 doses 
were 20,570,722 and 23,029,751, respectively. Strategies 1 and 2 were 
found to be cost saving, and strategy 3 to be CE. Strategy 4 was not CE. 
Strategies 1 and 2 would allow saving annually $53.16 and $34.41 million 
USD, respectively, to the Mexican society.
Conclusions: Universal varicella vaccination, using 1 dose or 2 doses, 
would result in a cost-beneficial and CE public health intervention in 
Mexico.

Key Words: varicella, varicella vaccine, pharmacoeconomics, cost-effec-
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Varicella is generally a benign, self-limiting disease in immu-
nocompetent children. It is often more severe in adults and 

immunodeficient subjects and is associated with severe complica-
tions. Infection usually confers immunity for life although rare sec-
ond varicella infections may occur.1–4 Reactivation of the virus can 
result in Zoster, which may occur at any time following primary 
infection but is seen more frequently in the elderly.

The World Health Organization (WHO) recommends the 
introduction of universal varicella vaccination (UVV), at least 1 
dose at 12–18 months of age, and sustaining vaccine coverage of 
80% or above to countries where varicella is an important public 
health burden.5

Varicella vaccine was first developed in Japan in the 1970s,6 
and the United States was the first country to introduce UVV in its 
National Immunization Program (NIP) in the Americas.7

In the United States, comparing pre- (1993–1995) to post-
vaccination (1996–2004), varicella-related ambulatory visits were 
reduced by 66%, as well as hospitalization rates by 70%.7 In 2005, 
as a consequence of breakthrough cases, the United States intro-
duced a second varicella vaccination at 6 years of age, resulting in 
a further decline in incidence, hospitalizations, and deaths (>90% 
compared with the prevaccination period). In addition, UVV was 
shown to be cost-effective (CE) in the United States using either 1 
or 2 doses.8

In Latin America, the more relevant data proving UVV as a 
CE public health intervention come from Colombia9 and Brazil.10 
In these studies, UVV can lead up to $5278 USD of cost per life 
year gained (LYG) and savings of $132,015,282 USD to the soci-
ety, respectively.

In Mexico, varicella is not a notifiable disease. Only 220,039 
cases were reported according to the “Unique System of Epidemio-
logic Surveillance from the General Direction of Epidemiology” 
of Mexico.11 However, with an annual birth cohort of 2,162,535 
individuals in 2018,12 this shows that cases are severely underre-
ported, resulting in an underestimation of both the disease and eco-
nomic burdens. We therefore conducted this study to estimate the 
burden and cost of varicella infection in Mexico, and to develop a 
pharmacoeconomic evaluation of UVV using 4 different varicella 
vaccination strategies.

MATERIALS AND METHODS

Disease Burden
The annual number of varicella cases was derived from the 

seroprevalence by age group (0–4, 5–9, 10–14, 15–19, and 20–95 
years) described in the study by Conde et al.13 We used a catalytic 
model14 to estimate the average age-specific force of infection. 
First, the seroprevalence was estimated for the upper limit of all age 
groups by considering midage group seroprevalence and assuming 
a constant increase in seroprevalence within each age group. The 
cumulative incidence was then calculated for each age group, and 
from age “a” to age “a+k” was defined as the difference between 
seroprevalence at age “a+k” and seroprevalence at age “a.” Then, 
assuming a constant incidence within the age group, the annual 
incidence was obtained by dividing the cumulative incidence by 
the width of the interval. Finally, the annual number of varicella 
cases was obtained by multiplying each annual incidence by the 
corresponding Mexican population size, estimated at 128,919,791 
as of January 2020.15

Furthermore, there is also no Mexican data on varicella-
related hospitalizations, accordingly, we used data from a Brazilian 
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pharmacoeconomic study10: accordingly, we assumed that the hos-
pitalization and case-fatality rates were the same in natural and 
breakthrough varicella cases, with estimation of hospitalization 
rates of 0.297%, 0.129%, 0.147%, 0.269%, 0.246%, 1.08%, and 
3.36% for <1, 1–4, 5–9, 10–14, 15–44, 45–64, and ≥65 years of 
age, respectively, and death rates of 0.0106%, 0.0027%, 0.0018%, 
0.0031%, 0.0249%, 0.2583%, and 1.1685%, for <1, 1–4, 5–9, 
10–14, 15–44, 45–64, and ≥65 years of age, respectively.10

Economic Burden
The annual direct cost of varicella (Cost_direct) was esti-

mated as follows, using an Excel spreadsheet:

Cost direct n Hosp c Hosp u Hosp n Out c Outi i i_ _ * _ * _ _ * _= ∑ +

where i represents every age group; n_Hosp is the number of 
hospitalizations, c_Hosp the unit cost of a 1-day hospitalization, and 
u_Hosp the length of hospitalization; n_Out is the number of doc-
tor (outpatient) visits; and c_Out the unit cost of an outpatient visit.

The overall annual indirect cost of varicella (Cost_indirect) 
was determined separately for children (≤20 years) and adults (>20 
years) patients:

Cost indirect children c Wage n Out u Care 

 n Hosp u

i i

i

_ _ _ * _ * _

_ *

= ∑ (
+ __ Hosp)

C indirect adults i c Wage n Out u Pati n Hosp

u Hosp
i i_ _ _ * ( _ * _ _

* _

= ∑ +
+   n Death WorkYri_ * )

where c_Wage represents the minimal daily wage, u_Care 
the number of workdays lost by caregiver (assuming 1 caregiver 
per child outpatient per day), u_Pati the number of workdays lost 
by the adult outpatient, n_Death is the number of varicella-related 
deaths and WorkYr the number of workdays lost because of pre-
mature death.

Unit costs of varicella in Mexico were obtained from a ret-
rospective study in which net costs of both outpatient and hospital-
ized varicella cases were analyzed based on the unitary costs by the 
Mexican Institute of Social Security (IMSS).16,17 The indirect costs 
were estimated based on the average daily wage in Mexico (2020) 
of $16.6 USD.18 In addition, 2.5 and 6.7 days (ie, average hospi-
talization duration) of caregiver/patient work loss were assumed 
respectively per outpatient and inpatient case.16 For varicella-
related deaths, as the number of days of work lost in any given year 
could theoretically range from 1 to 365 days, we assumed that 182 
days of work were lost because of premature death in an adult case.

We calculated the average cost per case of varicella by divid-
ing total annual costs (direct and indirect costs) by the annual num-
ber of varicella cases in this age group. The cost was estimated 
from the health care (HC) perspective (only direct costs) and from 
the societal perspective (both direct and indirect costs).

All cost estimates collected in Mexican currency were con-
verted to 2020 USD.

All direct and indirect costs are listed in detail in Tables 1 
and 2, respectively.

Economic Evaluation
We estimated the incremental cost-effectiveness ratio 

(ICER), defined as the net cost of vaccination per averted varicella 
case and as the net cost per life-years gained (LYG) for the 4 fol-
lowing varicella vaccination strategies:

Strategy 1: One dose of a single varicella vaccine at 1 year old, at 
the same visit for vaccination against measles-mumps-rubella 
(MMR) vaccine, based on the Mexican NIP.19

Strategy 2: 2 doses of single varicella vaccine at 1 and 6 years old, 
along with MMR.

Strategy 3: One dose of a single varicella vaccine at 1 year old, 
along with MMR, and measles-mumps-rubella-varicella 
(MMRV) vaccine at 6 years.

Strategy 4: 2 doses of MMRV at 1 and 6 years.

Twenty consecutive birth cohorts of the Mexican population 
(2,162,535 individuals in year 2018)12 were simulated in an Excel 
spreadsheet. The impact of vaccination (ie, number of cases and 
deaths avoided by vaccination) was assessed for a 20-year follow-
up period, calculated for every vaccination strategy and each birth 
cohort in the follow-up. We assumed a vaccine efficacy (VE) of 
87% and 97.4% with 1 and 2 doses, respectively.20 The VE was 
considered to be constant throughout the 20 years of follow-up. 
We assumed a vaccination coverage of 95%, which is the required 
vaccination coverage for impeding measles to spread according to 
WHO.21

We considered the following unit costs of varicella vac-
cination: $16.59 USD by the Pan American Health Organization 
per dose of varicella vaccine.22 MMRV price of $47.45 USD was 
obtained from personal communication from GSK-Mexico, then 
subtracted $2.75 USD from the MMR (Zagreb strain) price by Pan 
American Health Organization,22 giving an adjusted price of $44.7 
USD. For all 4 strategies, vaccine administration cost was of $1.2 
USD per dose.23

We adjusted the model for time discounting considering a 
constant annual discount rate of 3% for costs and benefits, as rec-
ommended by the US Panel of Cost-effectiveness in Health and 
Medicine24 and the World Bank Global Burden of Disease Project.25

The LYG were estimated based on the number of life-years 
lost assuming a 75-year life expectancy.26

Finally, a sensitivity analysis was conducted by modifying 
the vaccination coverage to 85%.

RESULTS
Varicella Disease Burden

In year 2020, the total number of varicella cases of varicella 
in Mexico was estimated at 2,041,296 resulting in 1,177,606 outpa-
tient visits, 5290 hospitalizations, and 188 deaths.

Economic Burden
The annual direct and indirect costs were estimated at 

$115,565,315 and $49,806,746 USD, respectively, with a total of 
$165,372,061 USD. Unit direct and indirect costs were $56.61 and 
$24.39 USD, respectively, with a total of $81.00 USD (Fig. 1).

Vaccination Strategies
On a 20-year-time horizon, varicella vaccination strategies 1 

(1 dose) and 2–4 (2 doses) could avoid 20,570,722, and 23,029,751 
cases, respectively. This would drop to 18.405.383 and 20.605.566, 
respectively, with a coverage of 85%.

Vaccination strategies 1 and 2 were found to be cost sav-
ing with saved annual costs ranging (85–95% vaccination cover-
ages) from $49,495,999 to $53,156,846 USD for strategy 1, and 
$30,789,596 to $34,411,901 USD for strategy 2 (see Table 3).

Since strategies 1 and 2 were found to be cost saving, ICER 
estimation was estimated only for strategies 3 and 4.

ICER per averted case for strategy 3 was of $6.05 and 
$30.45 USD from societal (SOC) and HC perspectives, respec-
tively, with a total ICER of $36.5 USD. For strategy 4, ICER per 
averted case was of $44.8 USD and $68.88 USD from SOC and 
HC perspectives, respectively, with a total ICER of $113.36 USD 
(see Table 3).
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Hence, as recommended by the WHO, a strategy should be 
considered CE if the costs per LYG are lower than the per cap-
ita gross domestic product,27 which was $9673.4 USD in Mexico 
of in 2020.28 Accordingly, for strategy 3, LYG was of $1539 and 
$7740 USD from society and HC perspectives, respectively, and 
for strategy 4 of $11,305 and $17,507 USD from society and HC 
perspectives, respectively, making strategy 3 a CE intervention (see 
Table 3; Fig. 2).

DISCUSSION
In our study, we estimated varicella incidence by perform-

ing a similar approach as Bollaerts et al,29 using seroprevalence 
estimates by age group.13 By implementing this methodology, the 
estimated number of annual varicella cases (2,041,296 cases) was 
10-fold higher compared with reports made to the “Unique System 
of Epidemiologic Surveillance from the General Direction of Epi-
demiology” of Mexico.11 It can be assumed that the latter represents 
only medically attended and reported varicella cases, and the real 
incidence is underestimated.

It is difficult to compare our estimated annual number of 
cases to other countries, due to 3 main reasons—first, varicella is 
not a reportable disease in Mexico; second, different estimation of 
incidence calculation; and third, different incidences in the different 
climate zones of the country, temperate versus tropical, with higher 
rates in the former.30

Thus, when comparing to Brazil, another Latin American 
country (with in large part tropical, like Mexico) of 210.15 mil-
lion inhabitants by 2019,31 the annual varicella incidence was of 
2,915,294 cases before UVV implementation,10 which is a very 
similar incidence than in our study (1.39 vs 1.57/100). In Brazil, 

the methodology used to estimate varicella incidence has been 
obtained by “pesquisa system,” a combination of both active and 
passive surveillance,32 while in our study, as mentioned, incidence 
was estimated by using a calculation from seroprevalence, as 
described in the Materials and Methods section.

We found UVV with 1 or 2 doses of a stand-alone varicella 
vaccine to be cost saving and a mix of stand-alone varicella and 
MMRV vaccination to be CE. Although not explicitly tested, a 
strategy with 2 MMRV vaccinations may not be cost-effective in 
the current Mexican setting due to the incremental vaccine costs, 
which overcome the additional cold chain and other delivery costs 
of separate administrations.

In the United States, a study published in 2008 by Zhoyu et 
al33 was crucial as a confirmation of UVV as CE by using 2 doses of 
varicella vaccine, since this 2-dose schedule was introduced in 2005. 
Two formulations of varicella vaccine are available in the United 
States: monovalent varicella vaccine and MMRV (introduced in 
2006). A 1-dose varicella vaccination program would result in 4937 
years of life saved and 14,425 quality of life year saved. The societal 
net savings was $1055.8 million USD. The direct and societal BCRs 
for the 1-dose varicella vaccination program were 1.00 and 4.37, 
respectively. The 2-dose varicella vaccination program would result 
in 5324 years of lives saved, and 15,804 quality of life year saved. 
The societal net savings would be $951.8 million USD. The direct 
and societal BCRs with 1 dose would be 0.61 and 2.73, respectively. 
The direct and societal BCRs for the second dose were 0.13 and 
0.56, respectively. An important perspective of this study is that 
UVV with 2 doses was already performed in the United States, and 
prices from both private and public sectors were known, as well as 
percentages of children vaccinated with varicella vaccine alone, 
or with MMRV, making this analysis much more precise. In our 
study, the pharmacoeconomic estimation was performed in a coun-
try where UVV has never been performed and thus, was based on 
modeling 4 different strategies using either varicella vaccine alone, 
or combined with MMRV. Our results indicated that UVV is a CE 
intervention for all scenarios tested.

In Latin American countries, few studies looking at the 
economic impact of UVV have been done, all of which have only 
evaluated varicella vaccine alone, not with MMRV.34

In Argentina, just before UVV was introduced in their NIP, 
in a study35 with 150 children with varicella (75 inpatient and 75 

TABLE 1. Estimated Individual-unitary Direct Costs (Outpatient and Hospitalized), and Varicella Deaths 
Proportions in Mexico (Expressed in US Dollars)

Event Unit Source (Reference) Unit Source (Reference)

Outpatient care/day $87.00 USD 16 No. of outpatient visits 36
 Outpatient visits (years) % 36 Average No. 36
  <1 57  1.7  
  1–4 47  1.2  
  5–9 38  1.1  
  10–14 44  1.2  
  15–44 72  1.6  
  45–64 74  1.9  
  ≥65 81  1.6  
Hospitalization/day $370.00 USD 16 Varicella death 10
 *Hospitalization (left), or death (right columns) (years) % 10 %  
 <1 0.297  0.0106  
 1–4 0.129  0.0027  
 5–9 0.147  0.0018  
 10–14 0.269  0.0031  
 15–44 0.246  0.0249  
 45–64 1.08  0.2583  
 ≥65 3.36  1.1685  

*Hospitalization/day first left column, varicella death % last right column, both columns corresponding to same age groups.

TABLE 2. Estimated Individual-unitary Indirect Costs 
(Only Loss of Wage Days) of Varicella in Mexico (Expressed 
in US Dollars)

Event Unit Source (Reference)

Outpatient work loss days 2.5 16
Hospital work loss days 6.7 16
Daily salary (wage) $16.7 USD 18
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outpatient), the total combined direct and indirect costs per vari-
cella case were $2947.7 USD (inpatients) and $322.7 USD (out-
patients). The overall annual cost of varicella in Argentina for 
children ≤14 years of age in 2015 was estimated at $40,054,378 
USD, suggesting that these costs should be reduced with the recent 

implementation of UVV. Nonetheless, a CE analysis was not per-
formed in this study.

The Colombian study9 estimated that, in an average year, 
there would be 700,197 varicella cases and 60 deaths in the country 
in the absence of vaccination (estimates of disease burden based on 

FIGURE 1. Total estimated annual economic burden of Varicella in Mexico (expressed in US dollars). 

TABLE 3. Annual Saved Costs Per Vaccination Strategy vs. No Vaccination, 
With 95% COV; ICER for Each Vaccination Strategy, and costs per LYG, All 
From Both SOC and HC Perspectives (Expressed in Us Dollars)

Program
Annual Saved Costs  

HC/SOC Perspective*
ICER HC/SOC  
Perspective†

Costs Per LGY  
HC/SOC Perspective‡

No vaccination NA§ NA§ NA§
Strategy 1 $53,156,846 NA§ NA§
Strategy 2 $34,411,901 NA§ NA§
Strategy 3 NF¶ $36.5 $1539
Strategy 4 NF¶ $113.36 $11,305

*Annual saved costs with 95% vaccination coverage, from both HC and SOC perspectives.
†ICER, from both HC and SOC perspectives.
‡Costs per LYG, from both HC and SOC perspectives, Mexican per capita Gross Domestic Product = $9,6734 US Dollars.
§Not applicable.
¶Results of strategies 3 and 4, not favorable in annual saved costs.
COV indicates coverage; HC, health care; ICER, incremental cost-effectiveness ratio; LYG, life year gained; SOC, 

societal.

FIGURE 2. Costs per LYG: costs from SOC (indirect and direct costs) and HC (only direct costs) perspectives. Vaccination 
strategies 3 and 4 (95% vaccination coverage). Expressed in US dollars. GDP indicates gross domestic product; HC, 
healthcare; LYG, life year gained; SOC, society. 
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previous reports of varicella-zoster virus seropositivity within the 
country), with HC costs of around US $88,734,735 USD, 2008–
dated ($101,023,480 USD, 2017–dated), with an estimate of $2.05 
USD per case only from direct costs with discount, considering a 
population of 49.07 million inhabitants in Colombia in 2017 (88). 
Accordingly, it was estimated that HC costs for all cases during 
a 30-years period could be around $88,734,735 USD. Cost per 
LYG of 1-dose vaccination was $2519 USD, and by using a 2-dose 
scheme of $5728 USD. The authors concluded that in their country 
UVV is CE.

The study from Brazil10 is the one with more substantially 
representative data in Latin America. In this publication, assum-
ing a single-dose schedule, with VE of 85% and coverage of 80%, 
the vaccination program could prevent 74,422,058 cases and 2905 
deaths. It would cost R$ 3,178,396,110 ($635,679,222 USD) and 
save R$ 660,076,410 ($132,015,282 USD) to the society, and R$ 
365,602,305 ($73,120,461 USD) to the HC system. The program 
is CE (R$ 14,749 ($2.95 USD) and R$ 16,582 ($3.32 USD) per 
life-year saved under the societal and the HC systems perspectives, 
respectively.

These 3 Latin American publications, with the exception 
of the Colombian estimation, showed higher costs associated with 
varicella compared with our study, and all these countries have 
economic, HC, and societal similarities when compared with 
Mexico. Nevertheless, our study was consistent with the Latin 
American publications analyzing CE: UVV is cost-effective, and, 
as mentioned before, we also modeled varicella vaccination alone 
± MMRV.

Indeed, our estimates of economic burden of varicella could 
be even conservative since, as mentioned, indirect or society per-
spective costs used came only from work loss wage days.

In parallel to our study, the budget-impact of multiple vacci-
nation strategies in Mexico was recently analyzed.36 The annual dis-
ease burden assumptions were almost identical—2,010,002 yearly 
cases compared with 2,041,296 in our study. However, the annual 
economic burden of varicella was estimated at $311,095,966 USD, 
much higher than the $165,372,061 USD we found. An explana-
tion for this difference is that whilst both studies calculated outpa-
tient direct costs mostly from IMSS,17 for hospitalized direct costs, 
Graham et al36 used information from a Mexican panel of experts, 
while we estimated inpatient costs from real-published data.16

Our study has several limitations. First, we did not impute 
the impact of herd immunity induced by vaccination which would 
have had a positive bias. But we also did not include waning of 
immunity, which would have impacted the epidemiologic and 
health economics outcome negatively. We neither took into account 
the impact of vaccination on Herpes Zoster as data from United 
States and elsewhere in developed countries are inconsistent about 
the impact of UVV on HZ incidence.37–39 We also did not include 
cost of vaccination failures or increasing vaccine hesitancy so that 
our coverage rates might be too high. However, we did a sensitivity 
analysis with lower coverage, which did not materially affect the 
outcome. Second, and with respect to health economic calculations, 
the current thresholds based on per capita gross domestic product 
as guides for policy makers have been subject to criticism. How-
ever, other available approaches have also substantial weaknesses 
such as benchmark interventions, or league tables.40 Despite these 
limitations, our study makes a strong case of introducing UVV in 
the Mexican NIP and follow other Latin American countries.

In conclusion, the disease and economic burden of varicella 
in Mexico is substantial. UVV, regardless of the vaccination strat-
egy would result in a high reduction of Varicella cases.

UVV, using 1 dose or 2 doses of a stand-alone varicella 
vaccine, would result in annual savings of $53.16 million and 

$34.41 million, respectively, to the Mexican society. Combining 
a stand-alone dose with a MMRV dose would also be CE, but not 
the strategy using 2 doses of MMRV, nonetheless, the MMRV 
cost obtained in our study was if this vaccine is purchased indi-
vidually; hence, it is well possible that a universal vaccination 
scheme would result in a lower purchase price, thereby improv-
ing the ICER.

REFERENCES
 1. Meyer PA, Seward JF, Jumaan AO, et al. Varicella mortality: trends 

before vaccine licensure in the United States, 1970-1994. J Infect Dis. 
2000;182:383–390.

 2. Aebi C, Ahmed A, Ramilo O. Bacterial complications of primary varicella 
in children. Clin Infect Dis. 1996;23:698–705.

 3. Chacon-Cruz E, Lopatynsky-Reyes E, Lopez-Martinez DA, et al. Varicella 
hospitaizations and community-acquired Staphylococcus aureus infection: 
seven years of active surveillance. Ann Clin Lab Res. 2021; 9:354.

 4. Pinchinat S, Cebrián-Cuenca AM, Bricout H, et al. Similar herpes zoster 
incidence across Europe: results from a systematic literature review. BMC 
Infect Dis. 2013;13:170.

 5. World Health Organization. Summary of WHO position papers—
Recommended Immunizations for Children [WHO website]. September 
2020. Available at: https://www.who.int/immunization/policy/
Immunization_routine_table 2.pdf. Accessed August 4, 2021.

 6. Yoshikawa T, Kawamura Y, Ohashi M. Universal varicella vaccine immuni-
zation in Japan. Vaccine. 2016;34:1965–1970.

 7. Shah SS, Wood SM, Luan X, et al. Decline in varicella-related ambulatory 
visits and hospitalizations in the United States since routine immunization 
against varicella. Pediatr Infect Dis J. 2010;29:199–204.

 8. Lopez AS, Zhang J, Marin M. Epidemiology of varicella during the 2-dose 
varicella vaccination program—United States, 2005-2014. MMWR Morb 
Mortal Wkly Rep. 2016;65:902–905.

 9. Paternina-Caicedo A, De la Hoz-Restrepo F, Gamboa-Garay O, et al. How 
cost effective is universal varicella vaccination in developing countries? A 
case-study from Colombia. Vaccine. 2013;31:402–409.

 10. Valentim J, Sartori AM, de Soárez PC, et al. Cost-effectiveness analysis 
of universal childhood vaccination against varicella in Brazil. Vaccine. 
2008;26:6281–6291.

 11. Tapia-Conyer R, Kuri-Morales P, González-Urbán L, et al. Evaluation and 
reform of mexican national epidemiological surveillance system. Am J 
Public Health. 2001;91:1758–1760.

 12. INEGI. Natalidad y Fecundidad. [INEGI website]. February 2020. Available 
at: https://www.inegi.org.mx/temas/natalidad/. Accessed March 3, 2020.

 13. Conde-Glez C, Lazcano-Ponce E, Rojas R, et al. Seroprevalences of var-
icella-zoster virus, herpes simplex virus and cytomegalovirus in a cross-
sectional study in Mexico. Vaccine. 2013;31:5067–5074.

 14. Burrows W. Catalytic models in epidemiology. In: Muench H, ed. Harvard 
University Press. 1st ed. Mass Science; 1960; 15:1091–1092.

 15. WorldoMeters. Mexico Population (2020) [Worldometer website]. February 
2020. Available at: https://www.worldometers.info/world-population/mex-
ico-population/#sex-ratio. Accessed March 4, 2020.

 16. Vázquez-Rivera M, Pérez-Bolde Villarreal C, Monsanto H, et al. Estudio 
retrospectivo que evalúa la carga de la varicela en México en menores de 
1-14 años tratados en 10 sitios. Acta Pediátr México. 2018; 39:334.

 17. IMSS. Portal de compras del IMSS [IMSS website]. February 2020. 
Available at: http://compras.imss.gob.mx/. Accessed March 4, 2020.

 18. México—Salario Medio 2018 [Expansion website]. February 2020. 
Available at: https://datosmacro.expansion.com/mercado-laboral/salario-
medio/mexico. Accessed March, 4, 2020.

 19. Santos JI, Nakamura MA, Godoy MV, et al. Measles in Mexico, 1941-2001: 
interruption of endemic transmission and lessons learned. J Infect Dis. 
2004;189:S243‐S250.

 20. Henry O, Brzostek J, Czajka H, et al. One or two doses of live varicella 
virus-containing vaccines: Efficacy, persistence of immune responses, and 
safety six years after administration in healthy children during their second 
year of life. Vaccine. 2018;36:381–387.

 21. World Health Organization. WHO | New measles surveillance data from 
WHO [WHO website]. August 2019. Available at: http://www.who.int/
immunization/newsroom/new-measles-data-august-2019/en/. Accessed 
March 2, 2020.

https://www.who.int/immunization/policy/Immunization_routine_table 2.pdf
https://www.who.int/immunization/policy/Immunization_routine_table 2.pdf
https://www.inegi.org.mx/temas/natalidad/
https://www.worldometers.info/world-population/mexico-population/#sex-ratio
https://www.worldometers.info/world-population/mexico-population/#sex-ratio
http://compras.imss.gob.mx/
https://datosmacro.expansion.com/mercado-laboral/salario-medio/mexico
https://datosmacro.expansion.com/mercado-laboral/salario-medio/mexico
http://www.who.int/immunization/newsroom/new-measles-data-august-2019/en/
http://www.who.int/immunization/newsroom/new-measles-data-august-2019/en/


 The Pediatric Infectious Disease Journal • Volume 41, Number 5, May 2022

444 | www.pidj.com © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

Chacon-Cruz et al

 22. Pan American Health Organization. Expanded program of immunization—
vaccine prices for year 2019. [PAHO website]. 2019. Available at: https://www.
paho.org/hq/index.php?option=com_docman&view=download&category_
slug=revolving-fund-2625&alias=25038-revolving-fund-vaccine-prices-
038&Itemid=270&lang=en. Accessed March 5, 2020.

 23. Portnoy A, Ozawa S, Grewal S, et al. Costs of vaccine programs across 94 
low- and middle-income countries. Vaccine. 2015;33(suppl 1):A99–108.

 24. Sanders GD, Neumann PJ, Basu A, et al. Recommendations for con-
duct, methodological practices, and reporting of cost-effectiveness analy-
ses: second panel on cost-effectiveness in health and medicine. JAMA. 
2016;316:1093–1103.

 25. World Bank. Global burden of disease and risk factors [World Bank web-
site]. May 19, 2010. Available at: https://documents.worldbank.org/en/pub-
lication/documents-reports/documentdetail/251181468140658232/global-
burden-of-disease-and-risk-factors. Accessed March 6, 2020.

 26. Macrotrends. Mexico Life Expectancy 1950-2020 [Macrotrends website]. 
January 2020. Available at: https://www.macrotrends.net/countries/MEX/
mexico/life-expectancy. Accessed March 7, 2020.

 27. Marseille E, Larson B, Kazi DS, et al. Thresholds for the cost-effective-
ness of interventions: alternative approaches. Bull World Health Organ. 
2015;93:118–124.

 28. World Bank. GDP per capita (current US$) [World Bank website]. February 
2020. Available at: https://data.worldbank.org/indicator/NY.GDP.PCAP.CD. 
Accessed March 7, 2020.

 29. Bollaerts K, Riera-Montes M, Heininger U, et al. A systematic review of 
varicella seroprevalence in European countries before universal childhood 
immunization: deriving incidence from seroprevalence data. Epidemiol 
Infect. 2017;145:2666–2677.

 30. Gershon AA, Breuer J, Cohen JI, et al. Varicella zoster virus infection. Nat 
Rev Dis Primers. 2015;1:15016.

 31. Statista. Brazil: total population from 2016 to 2026 [Statista website]. April 
2021. Available at: https://www.statista.com/statistics/263763/total-popula-
tion-of-brazil/. Accessed June 15, 2021.

 32. Brazilian Government. Un registro historico da pesquisa nacional por 
amostra de domicilios 1967-2015 [Brazilian goverment website]. 2016. 
Available at: https://biblioteca.ibge.gov.br/visualizacao/livros/liv94878.pdf. 
Accessed May 4, 2021.

 33. Zhou F, Ortega-Sanchez IR, Guris D, et al. An economic analysis of the 
universal varicella vaccination program in the United States. J Infect Dis. 
2008;197(suppl 2):S156–S164.

 34. Falleiros-Arlant LH, Pirez-Garcia MC, Avila-Agüero ML, et al. Burden of 
varicella in Latin America and the Caribbean: findings from a systematic 
literature review. BMC Public Health. 2019; 19:528.

 35. Giglio N, Monsanto H, Rampakakis E, et al. Economic burden of vari-
cella in children 1-12 years of age in Argentina, 2009-2014. J Med Econ. 
2018;21:416–424.

 36. Graham J, Wolfson LJ, Kyle J, et al. Budget impact analysis of multiple vari-
cella vaccination strategies: a Mexico perspective. Hum Vaccin Immunother. 
2020;16:886–894.

 37. Reynolds MA, Chaves SS, Harpaz R, et al. The impact of the varicella vac-
cination program on herpes zoster epidemiology in the United States: a 
review. J Infect Dis. 2008;197(suppl 2):S224–S227.

 38. Wutzler P, Bonanni P, Burgess M, et al. Varicella vaccination - the global 
experience. Expert Rev Vaccines. 2017;16:833–843.

 39. Gabutti G, Franchi M, Maniscalco L, et al. Varicella-zoster virus: patho-
genesis, incidence patterns and vaccination programs. Minerva Pediatr. 
2016;68:213–225.

 40. Mauskopf J, Standaert B, Connolly MP, et al. Economic analysis of vaccina-
tion programs: An ISPOR good practices for outcomes research task force 
report. Value Health. 2018;21:1133–1149.

https://www.paho.org/hq/index.php?option=com_docman&view=download&category_slug=revolving-fund-2625&alias=25038-revolving-fund-vaccine-prices-038&Itemid=270&lang=en
https://www.paho.org/hq/index.php?option=com_docman&view=download&category_slug=revolving-fund-2625&alias=25038-revolving-fund-vaccine-prices-038&Itemid=270&lang=en
https://www.paho.org/hq/index.php?option=com_docman&view=download&category_slug=revolving-fund-2625&alias=25038-revolving-fund-vaccine-prices-038&Itemid=270&lang=en
https://www.paho.org/hq/index.php?option=com_docman&view=download&category_slug=revolving-fund-2625&alias=25038-revolving-fund-vaccine-prices-038&Itemid=270&lang=en
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/251181468140658232/global-burden-of-disease-and-risk-factors
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/251181468140658232/global-burden-of-disease-and-risk-factors
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/251181468140658232/global-burden-of-disease-and-risk-factors
https://www.macrotrends.net/countries/MEX/mexico/life-expectancy
https://www.macrotrends.net/countries/MEX/mexico/life-expectancy
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://www.statista.com/statistics/263763/total-population-of-brazil/
https://www.statista.com/statistics/263763/total-population-of-brazil/
https://biblioteca.ibge.gov.br/visualizacao/livros/liv94878.pdf

