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Background. Measles virus infection induces acute immunosuppression for weeks following infection, and also impairs 
preexisting immunological memory, resulting in “immune amnesia” that can last for years. Both mechanisms predispose the 
host to severe outcomes of subsequent infections. Therefore, measles dynamics could potentially affect the epidemiology of 
other infectious diseases.

Methods. To examine this hypothesis, we analyzed the annual mortality rates of children aged 1–9 years in Brazil from 1980 to 
1995. We calculated the correlation between nonmeasles infectious disease mortality rates and measles mortality rates using linear 
and negative-binomial models, with 3 methods to control the confounding effects of time. We also estimated the duration of 
measles-induced immunomodulation.

Results. The mortality rates of nonmeasles infectious diseases and measles virus infection were highly correlated. This positive 
correlation remained significant after removing the time trends. We found no evidence of long-term measles immunomodulation 
beyond 1 year.

Conclusions. These results support that measles virus infection could increase the mortality of other infectious diseases. The 
short lag identified for measles effects (<1 year) implies that acute immunosuppression was potentially driving this effect in 
Brazil. Overall, our study indicates disproportionate contributions of measles to childhood infectious disease mortality, 
highlighting the importance of measles vaccination.
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As one of the most transmissible human pathogens, the measles 
virus used to infect nearly every child, causing periodic outbreaks 
and heavy mortality tolls globally. The measles burden was re
duced substantially following the development of effective mea
sles vaccines that induce life-long immunity [1]. However, 
measles still causes more than 100 000 deaths per year globally 
[2], and measles incidence has been resurging in the last few 
years, likely due to stagnant or even declining vaccine coverage 
[3–5]. Furthermore, vaccine coverage and measles burden are 
highly uneven worldwide, with low- and middle-income coun
tries (LMIC) and rural locations generally having a lower vaccine 
coverage and, therefore, being at a higher risk of measles virus 

infections [6]. The public health threat posed by the measles vi
rus could be further exacerbated by the disruptions of routine 
childhood immunization programs due to the ongoing corona
virus disease 2019 (COVID-19) pandemic [7, 8].

Why are measles virus infections so dangerous? In addition to 
its high transmissibility, the measles virus has been shown to in
crease the host’s susceptibility to other infectious diseases, leading 
to an increased risk of secondary infections, particularly respirato
ry and gastrointestinal diseases [9–11]. Such effects were observed 
in clinical investigations possibly as early as the 18th century [12], 
and recent studies have uncovered the likely immunological 
mechanisms. Measles virus infection first elicits transient immu
nosuppression that lasts for weeks, featuring depleted lympho
cytes, altered cytokine responses, etc. [13, 14]. However, the 
damage from measles can last much longer. Recent immunolog
ical studies have found that the virus infects memory B, T, and 
plasma cells. As a result, it depletes a large proportion of preexist
ing immunological memory [15–17]. This measles-induced “im
mune amnesia” can lead to more severe outcomes of secondary 
infections and can last for months to years [18–20]. Consistent 
with this result, matched cohort studies have associated measles 
virus infections with an elevated incidence and severity of other 
infectious diseases up to 3 to 5 years following measles [21, 22]. 
Lastly, following measles vaccination programs, the reduction of 
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all-cause childhood mortality usually exceeded the number of 
averted measles deaths alone [23, 24], suggesting nonspecific ef
fects of the measles vaccine. As the vaccine does not induce im
mune amnesia but effectively prevents measles virus infections, 
it likely reduces secondary infections [15]. Collectively, these stud
ies suggested a disproportionate impact of measles virus infections 
on the overall childhood infectious disease burden.

Building on these findings, a comprehensive evaluation of 
measles’ threats and vaccine importance could benefit from 
more epidemiological analysis in distinct settings. If 
measles-induced immunosuppression and immune amnesia 
indeed facilitate the transmission of other infectious diseases, 
or increase their burden, one would expect a positive associa
tion between measles incidence and nonmeasles infectious dis
ease burden, particularly mortality. Such associations have 
been described in the United Kingdom, the United States, 
and Denmark [18, 25]. However, such evidence remains scarce 
in LMICs, which suffer the heaviest measles burden. Previous 
epidemiological studies in individual countries have yielded con
trasting conclusions [20, 26, 27], although a recent cross-country 
analysis by Sato and Haraguchi reported a strong association be
tween measles incidence and the prevalence and mortality of 5 
other infectious diseases cross 46 African countries [28]. 
Another question that remains open is the duration of the 
measles-induced immune amnesia. Mina et al found prolonged 
measles effects in 3 developed countries (the United Kingdom, 
United States, and Denmark) using nationwide epidemiological 
records [18]. Gadroen et al also reported an impact of measles on 
host resistance to other infectious diseases for up to 5 years in a 
cohort study [21]. In contrast, cohort-based studies in 
Bangladesh [24, 29] and Guinea-Bissau [30] found no evidence 
of long-term measles effects. However, studies using large epide
miological databases in LMICs were still scarce.

To fill these knowledge gaps, in this study, we analyzed the 
correlation of annual mortality rates between measles and non
measles infectious diseases in Brazil between 1980 and 1995, fo
cusing on children aged 1–9 years [31]. In addition, we 
estimated the duration of measles virus infection-induced im
munomodulation. Measles was a leading cause of childhood 
mortality in Brazil before vaccination [32, 33], which was first 
introduced in the late 1960s. Nationwide measles vaccination 
programs intensified in the early 1980s and substantially re
duced measles prevalence to near elimination in the 1990s 
[33]. Examining this period of measles eradication thus allowed 
us to estimate the benefits of measles vaccination programs in 
reducing overall childhood infectious disease mortality.

METHODS

Data Sources

We downloaded the annual mortality numbers of measles and 
nonmeasles infectious diseases (Supplementary Table 1) in 

children aged 1–9 years between 1980 and 1995 from the 
Brazilian Ministry of Health DATASUS—Vital Statistics. We 
also acquired annual population size estimates for the same 
age group, which were used to calculate mortality rates. In ad
dition to the national level data, we analyzed mortality data 
from São Paulo and Rio de Janeiro, 2 major metropolitan re
gions in Brazil. The data source is further described in the 
Supplementary Material.

Correlations Between Measles Mortality and Nonmeasles Infectious 
Disease Mortality

The primary goal of this study is to assess the correlations be
tween annual measles mortality and nonmeasles infectious dis
ease mortality. To achieve this, we regressed the latter against 
the former using linear models and calculated the R2 to quan
tify the correlation. The regression models also allowed us to 
test if measles variation is a statistically significant predictor 
of nonmeasles disease mortality. Mortality of most disease cat
egories decreased over the years, likely reflecting overall im
provements in the health care quality in Brazil. This time 
trend could generate spurious correlation signals in our regres
sion models. To control for this, we applied 3 methods, including 
(1) adding year as a covariate in the regression models; (2) esti
mating the general time trends by change-point analysis and us
ing the residuals from the time trends in the regression models 
(detrending; see details in the Supplementary Material and 
Supplementary Figure 1); and (3) calculating the difference of 
mortality rates between 2 consecutive years as inputs for the re
gression models (difference; Supplementary Figure 1). Because 
mortality data (death counts) was overdispersed in our dataset, 
we also constructed negative-binomial models for regressing 
nonmeasles disease mortality counts against measles mortality, 
with and without year as a covariate. We performed all analyses 
in the 3 datasets (Brazil national, São Paulo, and Rio de Janeiro). 
Lastly, as a negative control, we examined the correlation be
tween measles mortality rate and circulatory disease mortality 
rates at the national level. Circulatory diseases should not be af
fected by measles-induced immunomodulation, so we expect no 
correlations between them.

The substantial reduction of measles mortality during our 
study period allowed us to perform another analysis, in which 
we contrasted the periods with high and low measles prevalence. 
If measles virus infections were strongly associated with mortality 
from other infectious diseases, we would expect a high synchro
nization between different disease categories (eg, between flu and 
diarrhea) when measles was prevalent. On the other hand, when 
the measles virus was nearly eradicated, such synchronization be
tween other diseases would break down. To test these predictions, 
using Brazilian national data, we first determined the time point 
of measles’ near eradication using change-point analysis [34] (see 
Supplementary Material and Supplementary Table 2 for more de
tails). We then calculated correlations of mortality rates between 
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each pair of infectious disease categories before and after that 
change point. This analysis was performed with the original mor
tality rates, as well as the detrended mortality rate and mortality 
rate differences between years.

Duration of Measles-Induced Immunomodulation

To examine the duration of measles-induced immunomodula
tion, we performed similar analyses as Mina et al 2015 [18]. In 
brief, we accumulated the measles mortality for different num
bers of years, either by simple addition (ie, the additive method) 
or by weighing the contribution of years with a gamma func
tion (see Supplementary Table 3 and the Supplementary 
Material). We then searched for the duration that results in 
the strongest correlations (ie, R2 in regression models) with 
nonmeasles disease mortality. All analyses were performed in 
R version 4.0.2 [35], and the scripts can be found on Github 
(https://github.com/siyangxia419/Brazil_measles_mortality).

RESULTS

Nonmeasles Infectious Disease Annual Mortality Rates Correlated With 
Measles Mortality Rates

In Brazil, measles mortality rates decreased substantially in the 
1980s and leveled off near zero from the beginning of the 1990s 
(Figure 1A). Accordingly, the change point of the measles time 
series was found between 1990 and 1991 (mean = 1990.5, 95% 
credible interval = 1987.7–1993.7; Supplementary Figure 2A). 
Mortality rates of most nonmeasles infectious diseases also re
duced from 1980 to 1995 (Supplementary Figure 3), and their 
sum decreased by 53% (Figure 1A). The change point analysis 
identified decreasing total nonmeasles mortality rates from 
1980 to 1991, followed by no temporal trend since 1992 (mean 

change point = 1991.6, 95% credible interval = 1989.6–1993.7; 
Supplementary Figure 2B).

Using the original mortality rates, the linear models found a 
strong and significant correlation between measles and nonmea
sles infectious disease mortality rates (R2 = 0.944; Figure 1B and 
Table 1). Measles remained a significant predictor of nonmeasles 
disease mortality after adding year as a covariate (Table 1). 
Applying the other 2 methods to control for time effects, that 
is, detrending the mortality rates (Figure 2) and using the mor
tality rate differences between consecutive years (Figure 3), re
sulted in lower R2, but the correlations were still statistically 
significant (Table 1). Lastly, the negative-binomial models gener
ated similar conclusions as the linear models, except that the in
teraction between measles mortality rate and the year became a 
significant predictor.

Results from São Paulo largely mimicked those from the 
whole of Brazil (Supplementary Table 4 and Supplementary 
Figure 4), except for an earlier change point in both measles 
and nonmeasles diseases mortality rates between 1987 and 
1988 (Supplementary Figure 2C and 2D). The measles virus 
was largely eradicated in São Paulo in 1987. This epidemiolog
ical observation aligned with a state-wide mass measles vac
cine campaign in May 1987 [33]. On the other hand, the 
decreases in measles and nonmeasles disease mortality in 
Rio de Janeiro were more sudden, featuring a sharp drop be
tween 1984 and 1985 (Supplementary Figure 2E and 2F) that 
largely drove the correlation between measles and nonmeasles 
disease mortality rates. The correlation was significant when 
calculated with the original mortality rates and the difference 
between years, but was no longer significant when using the 
detrended data (Supplementary Table 5 and Supplementary 
Figure 5).

Figure 1. Mortality rates of measles and nonmeasles infectious diseases in children aged 1–9 years in Brazil between 1980 and 1995. A, Time series of the measles 
mortality rates (left y-axis, solid line) and nonmeasles mortality rates (right y-axis, dashed line) per 100 000 people. The vertical line and the shaded area indicate the point 
estimate and the 95% credible interval of the change point in the measles mortality time series. B, Correlation between measles and nonmeasles disease mortality rates. The 
colors of the points indicate the year, and dashed segments connect consecutive years. The solid line and the shade indicate the linear model and the 95% confidence 
interval. Coefficients (coeff) of measles mortality rates and the R2 of the model are shown on the bottom right of the panel.
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Measles Mortality Rate Showed No Correlation With Circulatory Disease 
Mortality Rates

As shown in Supplementary Table 6 and Supplementary 
Figure 6, the original mortality rates of measles virus infection 
and circulatory diseases in Brazil correlated significantly. 
However, this correlation resulted mainly from the decreasing 
trends in both disease categories. Models using detrended mor
tality data and mortality difference between consecutive years 
found no significant correlations, and the R2 was negligible un
der both methods (Supplementary Figure 6C–F). Contrasting 
this result with that from the analysis between measles and 
nonmeasles infectious diseases further increased our confi
dence that measles variations were strongly associated with 
the mortality of other infectious diseases.

Pairwise Correlations Between Individual Disease Categories Were 
Higher When Measles Was Present

Pearson correlation coefficients between mortality rates of each 
pair of infectious diseases were calculated separately in the pe
riod before (1980–1990) and after (1991–1995) the change 
point. In addition to the original data, we also performed this 
analysis using the detrended mortality rates and the mortality 
rate differences between consecutive years. Supplementary 
Figure 7 suggested that correlations between disease categories 
were generally higher before the change point when the measles 
virus was still circulating than after the change point when the 
measles burden was very low. This observation was consistent 
with our expectations that measles had strong effects on the dy
namics of other infectious diseases’ mortality.

Table 1. Regression Analysis Between Nonmeasles Infectious Disease Mortality Rates and Measles Mortality Rates in Brazil

Model
Nonmeasles ∼  

Measles
Nonmeasles ∼  
Year + Measles

Detrend Nonmeasles ∼  
Detrend Measles

Difference (Nonmeasles) ∼  
Difference (Measles)

Negative Binomial 
Modela

Measles 
mortality 
rate

β= 4.227b  

(3.686–4.767) 
t= 15.33 
P< .001

β= 2.573  
(1.568–3.578) 
t= 5.02 
P< .001

β= 2.255  
(1.126–3.385) 
t= 3.91 
P= .002

β= 2.783  
(1.793–3.774) 
t= 5.51 
P< .001

β= 0.059  
(.021–.096) 
t= 3.05 
P= .003

Year … β= −0.751  
(−1.169 to −.332) 

t= −3.52 
P= .004

… … β= −0.041  
(−.057 to −.025) 

t= −5.08 
P< .001

Intercept 19.536b 

(18.083–20.989)
29.033 

(23.631–34.435)
0.014 

(−.669 to .689)
−0.530 

(−1.512 to .452)
3.507 

(3.304–3.710)

n 16 16 16 15 16

R2 0.944 0.971 0.523 0.700 NAc

aNonmeasles ∼ year + measles + offset (population size/100 000).  
bPoint estimate (95% confidence interval).  
cR2 was not calculated for negative binomial model.

Figure 2. Detrended mortality rates of measles and nonmeasles infectious diseases in children aged 1–9 years in Brazil between 1980 and 1995. A, Time series of the 
detrended measles mortality rates (left y-axis, solid line) and nonmeasles mortality rates (right y-axis, dashed line) per 100 000 people. The vertical line and the shaded area 
indicate the point estimate and the 95% credible interval of the change point in the original measles mortality time series. B, Correlation between detrended measles and 
nonmeasles disease mortality rates. The colors of the points indicate the year, and dashed segments connect consecutive years. The solid line and the shade indicate the 
linear model and the 95% confidence interval. Coefficients of detrended measles mortality rates and the R2 of the model are shown on the bottom right of the panel.
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Measles-Induced Immunomodulation Was Mostly Short-term

In all 3 Brazilian datasets (Brazil national, São Paulo, and Rio de 
Janeiro), the optimal duration of measles-induced immunomo
dulation was 1 year, regardless of the method of accumulating 
measles mortality (Figure 4). Therefore, we did not find evi
dence that measles had effects on other infectious disease mor
tality beyond 1 year.

DISCUSSION

Taking advantage of the well-curated mortality records in Brazil, 
this study demonstrated a significant positive correlation 

between measles mortality and other infectious disease mortality 
in young children, even after controlling for confounding effects 
of time. In addition, we observed higher synchronizations be
tween different infectious diseases when the measles virus was 
more prevalent, suggesting a driving effect of measles dynamics 
on other infections. These findings reconciled with previous re
ports of increased susceptibility to infections in measles patients 
[19, 21, 22] and that secondary infections were the main cause of 
measles-related childhood deaths [10, 36, 37]. Similar epidemio
logical correlations between measles and other infectious diseas
es were also reported in 46 African countries [27]. A strong 
correlation was expected from the immunological consequences 

Figure 3. Difference of mortality rate between consecutive years for measles and nonmeasles infectious diseases in children aged 1–9 years in Brazil between 1980 and 
1995. A, Time series of the measles mortality rate difference (left y-axis, solid line) and nonmeasles mortality rate difference (right y-axis, dashed line) between consecutive 
years. The vertical line and the shaded area indicate the point estimate and the 95% credible interval of the change point in the original measles mortality time series. B, 
Correlation between measles and nonmeasles disease mortality rate differences. The colors of the points indicate the year, and dashed segments connect consecutive years. 
The solid line and the shade indicate the linear model and the 95% confidence interval. Coefficients of measles mortality rate differences and the R2 of the model are shown 
on the bottom right of the panel.

Figure 4. Changes of R2 with different duration of immunomodulation (1–5 years) in (A) the whole of Brazil; (B) São Paulo; and (C ) Rio de Janeiro. Colors represent 
the different methods of accumulating measles mortality. The gray horizontal line indicates the R2 between nonmeasles mortality rate and annual measles mortality 
rate (ie, duration of immunomodulation = 1 year).
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of measles virus infection. The virus suppresses the immune sys
tem for weeks and also impairs existing immunological memo
ries, causing long-term immune amnesia that could last for years 
[13–16]. Both processes predispose the host to more severe out
comes of following infections and, therefore, influence the mor
tality of other infectious diseases in epidemiological records. The 
interactions between measles and other infectious disease epide
miology can be further studied in depth using mathematical 
models, such as a recent study by Morales and Muñoz [38]. 
Such models will provide valuable information for fully under
standing the contribution of measles to overall childhood infec
tious disease burden.

As a major public health measure to combat measles, the 
measles vaccine has been shown to produce strong and durable 
immunity and does not impair immune memories as do natu
ral infections [1, 15, 39]. By preventing measles virus infections 
and hence averting immune amnesia, vaccination programs 
can disproportionately reduce childhood disease burdens 
[9, 23, 26]. In Brazil, we observed a more than 50% decrease 
in childhood infectious disease mortality from 1980 to 1995. 
Although the decrease likely resulted from multiple factors, in
cluding the improvement of the health care system and sanita
tion, the near eradication of measles viruses due to intensive 
vaccine programs likely had major contributions to this mortal
ity decrease.

We found no evidence of measles-induced immunomodula
tion lasting more than 1 year in the Brazilian dataset. This find
ing contrasts with the study of Mina et al 2015, which showed 
2–3 years of immunomodulation in the United Kingdom, 
United States, and Denmark [18]. This disagreement may re
sult from Brazil’s higher infectious disease prevalence (17–43 
deaths/100 000 people in Brazil vs 0–11 deaths/100 000 people 
in the United Kingdom, United States, and Denmark [18]). 
Such high prevalence could lead to many secondary infections 
occurring rapidly following a measles virus infection, which ex
poses the effects of acute immunosuppression. Furthermore, 
for children that survived, such secondary infections could rap
idly restore the lost immunological memories [15, 18], thus ne
gating the impacts of long-term amnesia. To test these 
hypotheses, future studies could explicitly model the reinfec
tion process during immunosuppression and immune amne
sia. Mortality data with finer temporal resolutions would also 
help deconvolute the effects of acute immunosuppression ver
sus long-term immune amnesia. Lastly, various demographic 
and epidemiological factors, such as age distribution and vac
cine coverage, could affect the duration of measles-induced 
immunomodulation.

Despite our efforts to control confounding factors, analyses 
presented in this study are still subject to some limitations. 
First of all, a more immunologically relevant correlation should 
be assessed between measles incidence, instead of mortality, 
and nonmeasles infection mortality. However, reliable 

incidence data were not available. Furthermore, because mea
sles incidence surveillance may suffer from significant underre
porting [40, 41], mortality may reflect the actual disease burden 
more accurately. A second potential issue of this study is the 
relatively small sample size (ie, 16 years). The time period 
used in this study (1980–1995) was restricted by data availabil
ity and comparability. Mortality data were not publicly avail
able before 1980 and in 1996 the country adopted revised 
International Classification of Diseases (ICD) codes (from 
ICD-9 to ICD-10). The change in disease diagnostics prevented 
us from extending our analysis beyond 1995. However, since 
1996, measles has caused fewer than 5 deaths in children 
aged 1–9 years per year nationwide, except in 1997 when 
Brazil experienced a resurgence of measles [31], which resulted 
in 10 deaths in children 1–9 years old (DATASUS). The low 
mortality numbers make it difficult to examine possible corre
lations with nonmeasles infection mortality. Overall, despite 
these limitations, within the time period examined in this study 
the results were coherent with the hypothesis that measles virus 
infections influence mortality rates of other infectious diseases.

This study adds to existing medical, immunological, and ep
idemiological research that demonstrated the unique and crit
ical role of measles virus infection in childhood infectious 
disease burden and suggested the heterologous benefits of mea
sles control [9, 13, 15, 21, 26]. These findings highlighted the 
importance of measles vaccination programs. In addition to 
public health benefits, the measles vaccine was also shown to 
yield substantial economic returns [42]. However, despite the 
substantial progress made in reducing the measles burden, 
the goal of global elimination is yet to be met. The ongoing 
COVID-19 pandemic has further interrupted routine measles 
vaccine programs in many countries, creating more challenges 
towards that goal [7, 8]. Therefore, more efforts are urgently 
needed to maintain measles vaccination progress and further 
quantify the value of measles vaccination on childhood health.

Supplementary Data

Supplementary materials are available at The Journal of 
Infectious Diseases online (http://jid.oxfordjournals.org/). 
Supplementary materials consist of data provided by the author 
that are published to benefit the reader. The posted materials 
are not copyedited. The contents of all supplementary data
are the sole responsibility of the authors. Questions or messages 
regarding errors should be addressed to the author.
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