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Abstract. From 1975 to 1983, a large epidemic of typhoid fever (TF) affected the metropolitan region (MR) of Chile
(incidence rate [IR] of 219.6 per 105 in 1983). In 1983–1984, interventions were implemented focusing on person-to-
person transmission (vaccination, food handlers’ control, and mass communication) and regulations to control irrigation
waters containing fecal contaminates. In 1991, a second intervention was quickly implemented to avoid the cholera
epidemic affecting neighboring countries (total prohibition of growing or selling crops in the MR). We explored the
potential impact of these interventionson theepidemic.Wecreatedayearly databaseof theMRTFcases, population, and
contextual factors of TF from 1969 to 2012.We first analyzed the epidemic (Joinpoint regression), identified predictors of
TF (Poisson multiple regression), and then analyzed the effect of the interventions (interrupted time series model). The
main predictor of the TF epidemic was the rate of unemployment. In relation to the 1983–1984 person-to-person inter-
ventions, TF camedownby51% (95%confidence interval [CI]: 30.2–65.0%) and continued to decrease at a rate of 10.4%
(95%CI: 5.8–15.6%) per year until 1991. In 1991, with the strong environmental control of the sewage-irrigated crops, TF
further decreased by 77% (95%CI: 69.0–83.1%) and continued decreasing thereafter at 13% (95%CI: 11.3–15.6%) per
year until the end of the study period. Today, 40 years after the epidemic, TF is a rare disease in the MR of Chile.

INTRODUCTION

From 1950 to 1976, typhoid fever (TF) was highly endemic in
Chile and did not seem to respond to improvements in
household coverage of safe drinking water or sewage collec-
tion; in 1977, a large epidemic cycle began (Supplemental
Figure 1).1 This has been the largest TF epidemic reported in
Latin America, occurring in a country with the best health indi-
cators in the region.2,3 The highest incidence rates (IRs) were
seen in the metropolitan region (MR), one of Chile’s 16 geo-
graphical regions, located in the center of the country. The MR
includes Santiago, the country’s capital city and seat of gov-
ernment, home to 40% of the national population; this region
had better sanitary conditions than the rest of the country.4,5

The TF epidemic was attributed to various causes, including
person-to-person transmission of Salmonella enterica serovar
Typhi (ST), the short cycle associated with poor personal
hygiene,4 and deterioration of safe food handling practices,2

deterioration of drinking water chlorination,6,7 or the use of
untreated sewage in irrigation systems.8,9 Important public
health interventionsdirected to the control of TFwere first put in
place in 1983–1984.10,11 In 1991, the government implemented
a second public health intervention to avoid the cholera epi-
demic affecting neighboring countries.12,13 Our aim was to
evaluate the association of these interventions with changes in
the IR of TF. We collected all available data and used sound
statistical analysis, to evaluate this association, which could
inform policy makers in areas of high TF incidence.

METHODS

We implemented an ecological study using a time series
analysis of TF in the MR, comprising group-level data (TF IRs,
IR), environmental data (sanitation), and contextual data

(socioeconomic metrics). The unit of analysis for this study was
theMR, and theunit of observationwaseachyear between1969
and 2012 (44 time points). We collected the age–gender distri-
bution of the population and of the TF cases reported and TF
determinants (sanitation and socioeconomic).
We used interrupted time series (ITS) analysis to model the

two interventions implemented for the control of TF in the
MR.14 The study was approved by the Pontificia Universidad
Católica de Chile Ethical Committee.
Population and typhoid fever data. We obtained the MR

population data by age and year between 1950 and 2012 from
the national census and intercensal projections,15 and the
number of new TF cases (Table 1) and deaths (Supplementary
Figure 1), by age, place of residence, month and year were
obtained from the compulsory transmissible diseases notifi-
cation system of theMinistry of Health (MoH)16. We analyzed
seasonality (SupplementalFigure2),agedistribution(Supplemental
Figure 3), andS. enterica serotype distribution (Supplemental
Figures 4 and 5). We analyzed the following environmen-
tal risk factors of enteric infections: drinking water, sewage,
final wastewater treatment, sanitary inspections of food
handling, inspections of irrigation waters, measurements of
residual chlorine in drinking water, and vegetable produc-
tion (Supplemental Figures 6–8).17–21 We also included
the following socioeconomic markers: poverty, schooling,
gross domestic product, Human Development Index, public
health expenditure, and unemployment (Supplemental
Figures 9–11).22–25

Interventions to control TF. We collected data on two in-
terventions: the first was implemented over 2 years and was
directed specifically toward controlling TF,10,11 the second
was implemented over the course of a few months with the
objective of protecting Chile from the cholera epidemic af-
fecting neighboring countries.12,13

Intervention No. 1 1983–1984. At the beginning of 1980,
the MoH, in collaboration with the World Health Organization
and the University of Maryland, designed the TF Control
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Program; its transference to public health occurred mainly
during 1983 and 1984. This TF Control Program included a
series of epidemiological studies to clarify the main trans-
mission mechanisms of TF and included an evaluation of a
new oral vaccine, educating food handlers, new methods for
detection of chronic carriers, and a clinical trial of a new drug
for chronic carriage treatment. They found ST cultivable in
10% of the irrigation water samples studied.8−10,26 This result
prompted the prohibition of cultivating or marketing vegeta-
bles generally consumed raw, that grew at ground level (let-
tuce, coriander, parsley, and radishes among others), and
initiation of mass communication and education campaigns
about hygienic handling of crops. The clinical trials of a new
oral typhoid vaccine, with an estimated efficacy of 70%, im-
munized 486,319 schoolchildren aged 5–19 years, covering a
large proportion (60%) of the target population, with at least
one dose of the oral vaccine.10 The food handler management
included sanitary control and education in restaurants and
school kitchens; in addition, small studies of chronic carrier

detection with Vi serology and treatment with ciprofloxacin
were carried out.10

Intervention No. 2 1991. In early 1991, the government
implemented emergency measures to avoid the propagation
of the cholera epidemic affecting neighboring countries into
Chile. It instituted an emergency action commission to im-
plement and enforce control measures to prevent trans-
mission of enteric infections in theMR and the rest of Chile. All
measures were directed toward immediately stopping the
long transmission cycle of TF from crop irrigation with
sewage-contaminated water to crop consumption by the
population. Through the joint action of theministries of health,
education, agriculture, and internal affairs, this commission
intervened in improvement of water quality and irrigation
practices, and further regulated the commercialization of
crops. Specific measures included increasing the number of
prohibited crops; banning restaurants from serving raw veg-
etables, raw fish, and seafood; construction of new irrigation
channels separated from sewage discharges; chlorination of

TABLE 1
Metropolitan region population, TF cases, and incidence rates by year

Year Cases Population IR × 105 Intervention 1 Intervention 2 Unemployment %

1969 3,463 3,381,181 102.42 0 0 6.15
1970 3,408 3,478,667 97.97 0 0 7.13
1971 3,007 3,553,922 84.61 0 0 5.50
1972 2,640 3,629,177 72.74 0 0 3.78
1973 1,865 3,704,432 50.35 0 0 4.63
1974 2,424 3,779,687 64.13 0 0 9.65
1975 3,500 3,854,943 90.79 0 0 16.18
1976 3,545 3,927,154 90.27 0 0 16.78
1977 7,070 3,999,366 176.78 0 0 13.23
1978 8,334 4,071,578 204.69 0 0 14.00
1979 6,358 4,143,789 153.43 0 0 13.55
1980 6,827 4,216,001 161.93 0 0 11.75
1981 6,936 4,301,778 161.24 0 0 11.08
1982 7,954 4,387,555 181.29 0 0 22.10
1983 9,825 4,473,332 219.63 0 0 22.23
1984 5,819 4,559,109 127.63 1 0 19.23
1985 3,848 4,644,886 82.84 1 0 16.35
1986 3,780 4,749,844 79.58 1 0 13.50
1987 2,675 4,854,803 55.10 1 0 12.25
1988 2,774 4,959,761 55.93 1 0 10.98
1989 3,938 5,064,719 77.75 1 0 9.13
1990 2,428 5,169,678 46.97 1 0 9.55
1991 2,690 5,271,098 51.03 1 0 7.43
1992 447 5,372,519 8.32 1 1 6.00
1993 364 5,473,940 6.65 1 1 6.28
1994 361 5,575,360 6.47 1 1 6.78
1995 389 5,676,781 6.85 1 1 6.63
1996 302 5,769,478 5.23 1 1 6.23
1997 273 5,862,175 4.66 1 1 6.63
1998 231 5,954,872 3.88 1 1 9.60
1999 207 6,047,569 3.42 1 1 9.70
2000 259 6,140,266 4.22 1 1 9.80
2001 201 6,212,770 3.24 1 1 NA
2002 212 6,285,273 3.37 1 1 NA
2003 146 6,356,534 2.30 1 1 9.30
2004 133 6,425,332 2.07 1 1 NA
2005 100 6,494,536 1.54 1 1 NA
2006 80 6,565,792 1.22 1 1 7.00
2007 63 6,640,697 0.95 1 1 NA
2008 54 6,720,663 0.80 1 1 NA
2009 35 6,804,444 0.51 1 1 10.10
2010 70 6,887,859 1.02 1 1 NA
2011 82 6,971,899 1.18 1 1 NA
2012 65 7,057,491 0.92 1 1 NA
IR= incidence rate; NA=data not available; TF = typhoid fever.Metropolitan region of Chile, 1969–2012. The presence of the intervention ismarked as 1 and its absence as 0. Unemploymentwas

included as the variable which better explained the raise of TF in the 1970s.
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water channels; prohibition of any human activities near water
sources with sewage discharges; and establishment of sani-
tary barriers in those areas.12,13

Statistical analysis. The first step was to identify the main
risk factors of the TF epidemic as a means to identify and
control possible confounders of the interventions. We evalu-
ated the association of individual risk factorswith the annual
IR of TF by bivariate correlations, using r-Pearson correla-
tion (Supplemental Table 2). Significant factors were in-
cluded in a Poisson multiple regression model. We then
conducted a Joinpoint regression of TF over the study pe-
riod with complete TF data (1950–2012) to identify signifi-
cant breaks in the trends of the incidence of the disease.27

The second step was to analyze the effect of the interven-
tions using ITS analysis.14 Records of the interventions
performed in Santiago between 1969 and 2015, to control
enteric transmission, demonstrated that there were two
distinct governmental interventions, the first mass intervention
extended over a 2-year period—1983 to 1984—and the second
was a more focused and intense intervention in the summer of
1991. Based on the timing of these two , we divided the study
period into four segments: 1969–1973 or 1950–1973 (pre-
epidemic), 1974–1983 (epidemic), 1984–1991 (post-intervention
1), and 1992–2012 (post-intervention 2). We used the annual IR
over the study period to estimate the change in disease level
(intercept terms) and in disease trend (slope terms) for each in-
tervention period. Variables significant in the Poisson multiple
regression were entered in the ITS analysis as possible con-
founders. For the ITS analysis, our first approach was modeling
TF incidence data with a Poisson generalized linear model.28

Nevertheless, with Cameron–Trivedi test, we found data over-
dispersion29; therefore, we used the negative binomial re-
gression30 presented here:

log ðE½Yt�Þ ¼β0 þ β1T þβ2X0 þ β3ðT �T1ÞX0 þβ4X1

þβ5ðT �T2ÞX1 þ β6X2

þ β7ðT �T3ÞX2 þ logðpoptÞ;

Yt: represents the number of cases of TF in year t,
T: represents the calendar times beginning with 1969 = 1; T1

is the time of the initiation of the epidemic, T2 and T3
represent the initiation of each intervention. These time
points were selected based on the date of the interventions
initiation,

X: represents the presence of the epidemic (X0) and of each
intervention (X1 and X2), and

Popt: Represents the population of Santiago in the year t.

We ran the full model, including the previously selected
confounders and evaluated the results of each β parameter
using the z-test. We reevaluated themodel dropping variables
for which β were statistically nonsignificant. The resulting
models were compared using the Akaike information criteria
(AIC) to select thebestmodel.Weanalyzed the residuals of the
selectedmodel to detect autocorrelation, R’s autocorrelation,
and partial autocorrelation functions. We estimated confi-
dence intervals (CIs) for the change in the slope and the slope
in the segmentwith theopen statistical packageR (application
multcomp and function confint). We used the delta method to
estimate theCIs for the TF IRper 105. Statistical analyseswere

performed with SPSS version 23.0 (IBM Corp., Chicago, IL)
and R Core Team (2017).31 We compared the ITS analysis for
two time intervals 1969–1973, when we had complete in-
formation on contextual factors, and 1950–1973, when we
only had TF data. Finally, we analyzed the decrease of TF IR in
four age groups (younger than 5, 5–19, 20–34, and 35 years
andolder) and three studyperiods (1969, 1983, and2005–2012),
using a Poisson regression analysis, we included interaction
terms for age and periods. Based on this model, we estimated
the reduction of TF IR for each age group from the epidemic
to the end of the study periods (1983 versus 2005–2012) and
from the endemic to the end of the study periods (1969 versus
2005–2012).

RESULTS

Typhoid fever in theMRwas highly endemic, without a clear
trend in incidence, from 1950 to 1976; in 1977, TF increased
abruptly reaching its worst epidemic ever reported, which
lasted until 1985. Typhoid fever incidence had a strong
downward trend until 1991 and in 1992, its decline accelerated
reaching, by the end of the study period, the lowest TF IR re-
ported in the MR (Figure 1). Typhoid fever mortality rate had a
clear downward trend from themid-60s,moderately increasing
during the epidemic peak, and then decreasing again in the late
1970s; although cases were still very high, case-fatality rate
decreased during the epidemic years (Supplemental Figure 1).
Annual cases of TF in the MR in 1969 were 3,463, in 1983
peaked to9,825, then in 1984 fell to 5,819, in 1992 the cases fell
further to 447, and by 2012 there were only 65 TF cases re-
ported (Table 1). The marked seasonality during the high en-
demic and epidemic years, when TF peaked in the warm
seasons, was less evident by the end of the study period
(Supplemental Figure 2). The IR of TF dropped in all ages, but
the size of the reduction varied significantly among the age
groups; by the end of the study, the TF IR, compared with the
pre-epidemic level, dropped 25 times (95% CI: 19–34) among
0–4 year olds, 116 times (95% CI: 100–134) among 5–19 year
olds, 121 times (95%CI: 102–143) among 20–34 year olds, and
51 times (95% CI: 41–63) among 35 year olds and older
(Supplemental Table 1).

FIGURE 1. Typhoid fever incidence in the metropolitan region (MR)
and the rest of Chile, 1950–2012. The orange line depicts typhoid
incidence trends per 100,000 persons in the MR of Chile. The hashed
blue line shows the trend in typhoid incidence per 100,000 persons in
the rest of Chile.
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The available data on S. enterica serotypes suggest that
during the epidemic, ST was predominant until 1993 (nearly
80% of cases) when it began to decrease, reaching 40% at
the end of the study period. At this time, the proportion of
Salmonella Paratyphi B increased reaching up to 60% of
cases, whereas Salmonella Paratyphi A ran from 0% to 2%
throughout the period (Supplemental Figures 4 and 5). Envi-
ronmental sanitization variables had not deteriorated before
nor during the epidemic. Coverage of drinking water and
sewage collection were improving during the epidemic; final
sewage treatment was not implemented until 2002 in the MR,
when the disease had been controlled (Supplemental
Figures 6–9). Contrarily, most socioeconomic indicators
deteriorated during the epidemic period (Supplemental
Figures 9–11); in the Poisson multiple regression, only
unemployment was selected (R2 = 0.967; B = 3.56 95%CI:
1.19–5.93, P = 0.001).
Without including external a priori information, the Joinpoint

regression analysis from 1950 to 2012 showed four statisti-
cally significant changes in trend: a stable period from 1950 to
1975, a rapid increase from1975 to 1978, a short stable period
from 1978 to 1983, and then a rapid and significant drop from
1983 to 2012 (Figure 2).

The TF IR pre- and post-intervention periods are presented
in Table 1. We also present the trend of unemployment in the
study period, which was the only contextual variable signifi-
cantly associated with TF in the multivariable model (Table 1).
Thebest negative binomial regressionmodel, according to the
AIC, included TF and the two interventions; other variables
were not significant. The results of themodel for the four study
segments are presented in Table 2 and Figure 3. The pre-
epidemic period is the starting point of the series; TF IR was
higher at the beginning of this segment than at the beginning
of the next, with a negative trend in the entire pre-epidemic
period. The epidemicperiodbeginswith TF rates of 56.4 cases
per 100,000 persons reaching 232.8 per 100,000 at the onset
of the next period with an important increase in its level and
trend. Post-intervention no. 1, there was a 51% reduction in
the level (calculated from second column of Table 2) andmore
importantly, a change in the trend (calculated from second
column of Table 2). In the whole segment, the IR was de-
creasing at a pace of 10.4% per year (calculated from second
column of Table 2). Post-intervention no. 2, the drop in the
level was even higher (−1.48; 78% reduction), with a lower but
nonsignificant drop in the slope; nevertheless, in the whole
segment, the IR decreased to 13% per year (Table 2). This

FIGURE 2. Typhoid fever (TF) incidence trend in themetropolitan regionofChile Joinpoint regression 1950–2012.Best joinpointmodel.̂ indicates
that the averagepercent change (APC) is significantly different fromzero at alpha=0.05 level. The squares represent the observed ratesper 100,000
persons of TF across the study period (1950–2012). The dark blue line is the joinpoint model from 1950 to 1975. The dark green line is the joinpoint
model from1975 to1978.The red line shows the joinpointmodel from1978 to1983.The turquoise line shows the joinpointmodel from1983 to2012.
Note: The joinpoint model is a Poisson model that, unlike the interrupted time series, does not incorporate level changes and only changes in the
slope. It looks for points where the slope breaks. To estimate a slope, it requires at least two intermediate points between breakpoints.
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model had a good fit and the analysis of residuals showed a
randomdistribution (Figure 3).Whenwe ran the ITSmodelwith
the whole TF data from 1950 to 2012, the model parameters
did not change, with very similar predicted values for the rel-
evant study period (Supplemental Table 2).

DISCUSSION

Our aim was to analyze the trend of TF in the MR from 1969
to 2012 and to evaluate its association with the public health
interventions of 1983–1984 and 1991. We collected a large
body of data to understand the trend of TF, including the
causes of the 1977–1984 epidemic. We concluded that the
main explanatory factors were the long cycle of transmission
of TF through the contamination of irrigation waters by sew-
age, worsened by the intensification of person-to-person
transmission during an economic crisis, with unemployment
being its single strongest marker.
In Santiago, sewage collection coverage was increasing

rapidly before, during, and after the epidemic years. None-
theless, all sewage collected from the households was dis-
charged untreated into the water courses used for irrigation
of the city agricultural lands, thus increasing the enteric

contamination of the crops eaten by the citizens. Because of
this return of the contamination through the crops, the sewage
collection did not benefit the Santiago population. Between
1969 and 1976, the coverage of sewage collection from
homes increased by 75% in Chile. By 1982, the MR reached
82% and Chile 70% of sewage coverage. Since sewage
sanitation in Santiago was implemented in 2010, the increase
in sewage collection from 1969 to 1976 augmented the mi-
crobiologic burden in the irrigation waters of Santiago by at
least 75% immediately before the epidemic years. This recir-
culation of sewage had been alerted a century before: “The
present water closet system, with all its boasted advantages,
is the worst that can generally be adopted, briefly because it is a
highly extravagant method of converting a mole-hill into a
mountain. It merely removes the bulk of our excreta from our
houses to choke our rivers with foul deposits and rot at our
neighbors’ door. It introduces into our houses a most deadly
enemy. . .”—chemist quoted in the Scientific American, 1869.32

The TF epidemic coincided with increases of other enteric
infections, in particular hepatitis A,6,9,33−36 suggesting a broad
entericcontamination in theMRofSantiago.1,2,4,6,9Unemployment
is a complex variable representing a summary of the underlying
socioeconomic and political crisis; it was clearly associated
with the initiation of the epidemic as other authors also
noted.7 Theabrupt increase in the unemployment inSantiago
(reaching 19% of the population), a marker of an important
socioeconomiccrisis, resulted inan increase inperson-to-person
transmission of enteric infections, in turn rapidly increasing the
force of infection in the city causing the huge epidemic.
The 1983–1984 TF Control Program was associated with

the break of the TF epidemic, which returned to the previous
endemic level and the1991cholera preventionmeasureswere
associated with the definitive control of TF which became a
sporadic disease in the MR.
The 1983–1984 intervention placed a higher emphasis on

interrupting person-to-person transmission of ST, by vacci-
nation of schoolchildren and food handlers, increase of food
handling controls, and chronic carrier identification. They also
conducted actions to prevent the environmental contamina-
tion and the long cycle of transmission. The 1983–1984 in-
tervention required community participation (in vaccination
programs) and changes in behavior of the public and pro-
viders. Contrarily, the emphasis of the 1991 intervention was
in the interruption of the environmental transmission of enteric
infections by strict control of irrigation waters and crops cul-
tivation, transport, and marketing, forcefully interrupting the
contact of sewage-contaminated items with the public; its
success did not depend on the public’s willingness to follow

TABLE 2
Changes in the TF incidence rate level and trend and association with the interventions

Study segments Point change in level
Level at segment onset TF incidence

rate per 105
Change in slope in

the segment Slope in segment

Pre-epidemic −6.62* 132.6 * −0.17
[95% CI] [−6.99, −6.23] [66.29, 198.91] – [−0.29, 0.06]
Epidemic 0.36 56.42 0.28 0.11
[95% CI] [−0.03, 0.73] [35.82, 77.02] [0.15, 0.4] [0.06, 0.15]
Intervention 1 −0.71 232.82 −0.22 −0.11
[95% CI] [−1.05, −0.36] [167.63, 298.01] [−0.28, −0.15] [−0.17, −0.06]
Intervention 2 −1.48 47.13 −0.03 −0.14
[95% CI] [−1.78, −1.17] [32.52, 61.74] [−0.09, 0.03] [−0.17, −0.12]
CI = confidence interval; TF = typhoid fever. Metropolitan region of Chile, 1969–2012.
* Initial intercept.

FIGURE 3. Typhoid fever (TF) observed incidence rates (IRs) in the
metropolitan region and interrupted time series model fit. Typhoid
fever observed IRs per 100,000 persons between 1969 and 2010 are
shown with the open circles. Predicted TF IRs within the same time
period per 100, 000 persons is shown as a line of best fit. Gray bands
represent the area of effect of each intervention. The darkest band
represents Intervention 1.

30 MARCO AND OTHERS

http://astmhqa.ingenta.com/content/journals/10.4269/ajtmh.18-0125#supplementary_data


the health recommendations.12,13,33,35 In association with the
1983–1984 interventions, TF came down by 51% (95% CI:
30.2–65.0%) and kept decreasing by 10.4% (95% CI:
5.8–15.6%) per year until 1991. In 1991, TF further decreased
by 77% (95% CI: 69.0–83.1%) and continued decreasing
thereafter at 13% (95%CI: 11.3–15.6%) per year until the end
of the study period. Today, 40 years after the epidemic, TF is a
rare disease in the MR of Chile. This presents strong evidence
that the environmental contamination with ST was the main
cause of the high endemicity of TF in the MR. The socio-
economic crisis which preceded the epidemic or hyper-
endemic years, as many authors called the 1977–1983
period, offered the conditions to aggravate person-to-person
transmission of ST, increasing the burden of infection in the
irrigation waters and crops, thus canceling out the benefits
of households sanitation. The sewage contamination of ir-
rigation waters explains the epidemiology of the disease in
the MR, with high IRs in all socioeconomic sectors, in-
dependently of the availability of drinking water or connec-
tion to sewage systems.1

How do we compare with previous studies? We were
able to demonstrate that the working hypothesis of some
epidemiologists was correct—that the high endemicity since
the early 1950s of TF in the Chilean MR of Santiago was
caused by sewage contamination of irrigationwaters. In 1940,
Gustavo Molina, in reference to a 1939–1940 TF outbreak in
theMR, concluded that the evidence that crops contaminated
by sewage irrigation is one of the main mechanisms that
“opens a road for sanitary action and, more importantly, pla-
ces the sewage problem of Santiago at the forefront of prior-
ities for the sanitary organization.”37 Borgoño, in 1958,
reviewed the epidemiology of TF in the MR; he described the
decreasing trend in case-fatality rate between 1940 and 1949
(19.3% and 13.9%), later markedly accelerated by the in-
troduction of chloramphenicol from 1950 to 1956 (6.5–1.5%).
Regarding causality, he pointed out that 50% of the pop-
ulationwas connected to sewer lineswhosewaterswere used
for crop irrigation in the MR; he concluded that TF endemicity
was largely attributable to environmental transmission, urging
the authorities to develop an integral sanitary program to de-
finitively control enteric infections in the region.38 In 2007,
Laval, in a historical review of TF in Chile, concluded that
“although the hypothesis of environment contamination as the
cornerstone in typhoid persistence was present since the
recognition of the disease in 1894, it was faced efficiently and
perhaps in a definite manner only almost 100 years later.”1

Cabello gave most of the causal weight of the epidemic to the
lack of chlorination of drinking water.6,7 Drinking water chlo-
rination cannot explain the cause nor the control of the TF
epidemic because the MR reached the highest national cov-
erage of chlorinated drinking water and yet presented the
highest rates TF since 1950 (Figure 1). In the MR, the safety of
the provision of drinking water was not questioned because
the most sensitive indicators (infant mortality)32 were not af-
fected during this epidemic and ST has never been isolated
from drinking water. Contrarily, a molecular study of the Sal-
monella Typhi isolated from the irrigation waters of Santiago
and from clinical cases in the summer of 1983, that is, during
the epidemic, demonstrated that the same molecular type of
Salmonella Typhi was present in the water and in patients.39

Thus, it provided further evidence for the link between sewage
contamination and TF.

Others did not believe in the role of environmental trans-
mission. Romero published a comprehensive review of the
epidemiology of TF in Chile from 1931 to 1950; he stated that
most transmission occurred in cities, with occasional out-
breaks in rural areas, concluding that the attribution to sewage-
contaminatedvegetableconsumptionwashighlyoverestimated.
He saw the role of carriers as the main mechanism of trans-
mission, mentioning, as a supporting argument, the lack of
effect of measures such as the prohibition of growing crops
or selling oysters in certain areas. He concluded that TF
would be controlled both by improving sanitation and in-
creasing the hygienic culture of the individuals.40 His ideas
were the more prevalent conceptions in the 1970s, when the
large epidemic of TF began. In this article, we demonstrated
that the hypothesis of the contaminated crops was in fact
correct, and that the lack of effect of certain controlmeasures
was explained by the inefficacy of the historical control pol-
icies. Only the mass interventions of 1983–1984 and mark-
edly in 1991, effectively interrupted transmission of enteric
infections by contaminated crops.
The main strengths of the study are the large series of

contextual TF data and the quality of the TF reporting system,
which covers the whole MR and its central management; the
availability of abundant unpublished or gray literature about
the Typhoid Control Program, which was coordinated by one
of the authors (C. F.); the statistical model selected, which
appropriately fit the data; and Chile’s very unique situation
regarding TF, a quasi-experimental design in which we could
analyze the factors associated with the increase and the de-
cline of the disease in the population.
The main limitation is the observational nature of the study,

in which we could not rule out that unmeasured confounders
were causing the changes in the disease. Also, the 1983–1984
intervention is not an ideal clear-cut intervention; instead it
extended over a broad period and consisted of various mea-
sures of different efficacy, being impossible to individualize
the contribution of each factor to the control of the disease.
Another important limitation is related toourmodels,whichdid

not include the dynamics of the disease.41 Thus, we could not
estimate how much of the changes could have been explained
by exhaustion of the susceptibility in the community. The latter
wouldhavecome intoeffect in theyears immediatelyafter a large
outbreak, but by itself it cannot explain the maintenance of the
lowTF transmission 40 years after the peak of the epidemic. The
near disappearance of TF in the MR is better explained by
the definitive interruption of its main transmission route.
Intervention 1 was complex, consisting of vaccination, in-

tensivemass communication, and increases in environmental
controls. It is not possible to disentangle the effects of these
various components; the vaccine effect in the communitymay
last longer than the duration of the immunological protection
reached by the vaccines. Not having a dynamic model, it was
not possible to estimate the duration of the effect of the par-
ticular interventions. Thus, we assumed that the first in-
tervention changed the dynamics of the disease from then on,
maintaining its effect until the endof the study period; thismay
represent an overestimation of its effect.

CONCLUSION

Our findings can be applied to many areas in which sewage
is discharged into irrigation waters. Our results suggest that
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ST could be transmitted through this mechanism and this
transmission route can be effectively interrupted by short-
term public health measures which do not require very large
investments; these should be maintained and enforced until a
structural solution, such as sewage treatment plants, is in
place. We showed that the definitive control of ST trans-
missionwasachieved immediately after 1991, in concordance
with a powerful government decision to completely stop the
irrigation with sewage-contaminated waters.
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6. Cabello F, Agüero ME, Fernandez LME, 1984. Epidemia de fiebre
tifoidea en Chile; aspectos ecologicos y microbiologicos. Rev
Med Chil 112: 826–828.

7. Cabello F, Springer AD, 1997. Typhoid fever in Chile 1977–1990: an
emergent disease [in Spanish]. Rev Med Chil 125: 474–482.

8. SearsSD, FerreccioC, LevineMM,CordanoAM,Monreal J, Black
RE, D’Ottone K, Rowe B, 1984. The use of Moore swabs for
isolation of Salmonella typhi from irrigation water in Santiago,
Chile. J Infect Dis 149: 640–642.

9. Ferreccio C, 1993. Asociaciones Epidemiológicas Entre Con-
taminación del Agua y Daño en Salud en la Región Metro-
politana de Chile OPS, Banco Mundial. Santiago, Chile:
Panamerican Health Organization, 61. Tab. Monografı́a j
REPIDISCA j ID: rep-63564.

10. Levine MM, Black RE, Ferreccio C, Clements ML, Lanata C, Sear
S, Morris JG, Cisneros L, Germanier R, 1985. Chilean Typhoid
Commission. Interventions to control endemic typhoid fever:
field studies in Santiago, Chile. Control and Eradication of In-
fectious Diseases, An International Symposium. Pan American
Health Organization Co-publication Series 1, 37–53.

11. Ministerio de Salud Pública, 1983.Res. 350: Prohı́be el Cultivo de
las Especies Vegetales que Señala, en Predios que Indica, que
Utilizan Aguas Servidas para su Riego. Available at: http://bcn.
cl/23enz. Accessed July 1, 2018.

12. Medina E, 1991. Epidemic of cholera in Chile; 1991 [in Spanish].
Rev Med Chil 119: 943–956.

13. Valenzuela BMT, Salinas PH, Cárcamo IM, Cerda LJ, Valdivia CG,
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Históricos 1990–2012. Available at: http://www.dipres.gob.cl/
572/w3-propertyvalue-2129.html. Accessed May 15, 2018.

26. Mritunjay SK, Kumar V, 2014. Is raw eaten vegetables and salads
are safe for consumption? a microbiological investigation in

32 MARCO AND OTHERS

http://www.ajtmh.org
https://www.gatesfoundation.org/
https://www.gatesfoundation.org/
mailto:claumarco@gmail.com
mailto:claumarco@gmail.com
mailto:idelgado@udd.cl
mailto:idelgado@udd.cl
mailto:claudio.vargas@usach.cl
mailto:claudio.vargas@usach.cl
mailto:ximenadelpilar1967@gmail.com
mailto:zulfiqar.bhutta@sickkids.ca
mailto:zulfiqar.bhutta@sickkids.ca
mailto:zulfiqar.bhutta@aku.edu
mailto:zulfiqar.bhutta@aku.edu
mailto:catferre@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://www.siss.gob.cl/577/w3-article-3683.html
http://www.siss.gob.cl/577/w3-article-3683.html
http://bcn.cl/23enz
http://bcn.cl/23enz
http://historico.ine.cl/canales/chile_estadistico/censos/censo_poblacion_vivienda.php
http://historico.ine.cl/canales/chile_estadistico/censos/censo_poblacion_vivienda.php
http://www.siss.gob.cl/577/w3-propertyvalue-3425.html
http://www.siss.gob.cl/577/w3-propertyvalue-3425.html
https://www.aguasandinasinversionistas.cl/%7E/media/Files/A/Aguas-IR-v2/annual-reports/es/aguas-andinas-memoria-2004.pdf
https://www.aguasandinasinversionistas.cl/%7E/media/Files/A/Aguas-IR-v2/annual-reports/es/aguas-andinas-memoria-2004.pdf
https://www.aguasandinasinversionistas.cl/%7E/media/Files/A/Aguas-IR-v2/annual-reports/es/aguas-andinas-memoria-2004.pdf
https://www.bcn.cl/catalogo/detalle_libro?bib=135713&tipo_busqueda=basica&busqueda=Censo%20Agropecuario%20(1997)%20&
https://www.bcn.cl/catalogo/detalle_libro?bib=135713&tipo_busqueda=basica&busqueda=Censo%20Agropecuario%20(1997)%20&
https://www.bcn.cl/catalogo/detalle_libro?bib=135713&tipo_busqueda=basica&busqueda=Censo%20Agropecuario%20(1997)%20&
https://si3.bcentral.cl/estadisticas/Principal1/Informes/anuarioCCNN/index_anuario_CCNN_2016.html
https://si3.bcentral.cl/estadisticas/Principal1/Informes/anuarioCCNN/index_anuario_CCNN_2016.html
http://databank.worldbank.org/data/reports.aspx?source=World-Development-Indicators
http://databank.worldbank.org/data/reports.aspx?source=World-Development-Indicators
http://www.dipres.gob.cl/572/w3-propertyvalue-2129.html
http://www.dipres.gob.cl/572/w3-propertyvalue-2129.html


the context of food safety. Mishra GC, ed. Environmental
Sustainability: Concepts, Principles, Evidences and Innova-
tions. New Delhi, India: Excellent Publishing House, 350–359.

27. Joinpoint Regression Program, 2017. Version 4.5.0.1. Statistical
Methodology and Applications Branch, Surveillance Research
Program. Bethesda, MD: National Cancer Institute.

28. Szklo M, Nieto FJ, 2007. Epidemiology beyond the Basics, 2nd
edition. Sudbury, MA: Jones and Bartlett Publishers, 268–270.

29. Colin CA, Trivedi PK, 1990. Regression-based tests for over-
dispersion in the Poisson model. J Econom 46: 347–364.

30. Agresti A, 2007. Generalized linear models. An introduction to
categorical data analysis, 2nd edition. Hoboken, NJ: John
Wiley, 81–82.

31. R Foundation for Statistical Computing, 2013. R: A Language
and Environment for Statistical Computing. Vienna, Austria: R
Foundation for Statistical Computing. Available at: https://
www.R-project.org/.

32. Cutler D,Miller G, 2005. The role of public health improvements in
health advances: the twentieth-century United States. De-
mography 42: 1–22.

33. FerreccioC, 1995. Santiago,Chile: avoiding anepidemic. Serageldin
I, Cohen MA, Sivaramakrishnan KC, eds. The Human Face of the
Urban Environment. Environmentally Sustainable Development
Proceedings Series No. 6, Washington, DC: The World Bank.

34. Alcayaga S, Alcayaga J, Gassibe P, 1993. Cambios del perfil de
morbilidad en algunas patologı́as de transmisión entérica con
posterioridad a un brote de cólera. Servicio de salud metro-
politano sur. Chile. Rev Chilena Infectol 1: 5–10.

35. Bartone CR, 2011. From Fear of Cholera to Full Wastewater
Treatment in TwoDecades in Santiago, Chile. Washington, DC:
Environmental Engineering Consultant World Bank Water
Days, Agricultural Water Management Session. Available at:
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=
E93246A3525B87D207049239E4DB3CF4?doi=10.1.1.464.4554&
rep=rep1&type=pdf. Accessed May 15, 2018.

36. Medina B, Olea A, Aguilera X, 2003. Epidemiological Situation of
Hepatitis A in Chile [in Spanish]. Rev Chilena Infectol 20:
262–267.

37. MolinaG, 1940. Epidemiologic study of typhoid fever in Santiago,
with special mention of the 1939–1940 seasonal outbreak [in
Spanish]. Rev Chil Hig Med Prev 3: 169–197.

38. BorgoñoJM, 1958.Nuevos aportes a la epidemiologı́ade la fiebre
tifoidea en la Provincia de Santiago con especial referencia al
brote epidémico estacional 1956–1957. Rev Med Chil 86:
413–419.

39. Thong KL, Cordano AM, Yassin RM, Pang T, 1996. Molecular
analysis of environmental and human isolates of Salmonella
typhi. Appl Environ Microbiol 62: 271–274.

40. Romero H, Reyes E, Amarales J, Vildósola J, 1951. Input to the
epidemiology of typhoid fever. III. Evolution and current status
of the Endemia [in Spanish]. Rev Chil Hig Med Prev 13: 51–64.

41. Bakach I, Just MR, Gambhir M, Fung IC, 2015. Typhoid trans-
mission: a historical perspective on mathematical model de-
velopment. Trans R Soc Trop Med Hyg 109: 679–689.

TYPHOID FEVER IN CHILE 1969–2012 33

https://www.R-project.org/
https://www.R-project.org/
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=E93246A3525B87D207049239E4DB3CF4?doi=10.1.1.464.4554&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=E93246A3525B87D207049239E4DB3CF4?doi=10.1.1.464.4554&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=E93246A3525B87D207049239E4DB3CF4?doi=10.1.1.464.4554&rep=rep1&type=pdf

