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THE FEASIBILITY OF FORECASTING INFLUENZA EPIDEMICS IN CUBA

ARMANDQO AGUIRRE & EDILBERTO GONZALEZ

Division de Epidemiologia, Instituto Pedro Kouri, Apartado Postal 11500, La Habana, Cuba

A large influenza epidemic took place in Havana during the winter of 1988. The epidemiologic
surveillance unit of the Pedro Kouri Institute of Tropical Medicine detected the begining of the
epidemic wave. The Rvachev-Baroyan mathematical model of the geographic spread of an
epidemic was used (o forecast this epidemic under routine conditions of the public health system.
The expected number of individuals who would attend oulpatien! services, because of influenza-
like illness, was calculated and communicated to the health authorities within enough time 1o
permit the introduction of available control measures. The approximate date of the epidemic
peak, the daily expected number of individuals attending medical services, and the approximate
time of the end of the epidemic wave were estimated. The prediction error was 12%. The model
was sufficienty accurate to warrant its use as a practical forecasting tool in the Cuban public

health system.
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In 1971, the Rvachev-Baroyan simulation
and forecasting mathematical model for influ-
enza epidemics was tested in the National
Institute of Influenza Research of the Sowviet
Union. The experiment was carried out under
routine conditions during a real influenza epi-
demic. The model performed quet well, and,
therefore, it was officially adopted in the rou-
tine work of the Epidemiological Surveillance
Network of the Soviet Public Health System
(Baroyan & Rvachev, 1967, 1968, 1969, 1970,
1971, 1972, 1973; Rvachev, 1967, 1968a, b,
1971, 1972; Rvachev & Longim, 1985).

This model represents one of the first large-
scale apphcations of mathematical epidemic
theory, a process initiated by D. G. Bermoulls
on April 30th 1760 (Sakino, 1962; Bailey,
1975).

The model has two parts: (1) the local
model, for the epidemic forecast at the urban
center level, and (11) the general model, for the
epidemic forecast on the level of a whole ter-
ritory. Thus, the model uses a global approach
for forecasting epidemics (Longini et al., 1986).
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In 1987 a stochastic version of the model has
been developed by A, Flahault, of the Biomath-
ematical Group of the National Institute of
Medical Research at the University of Pans, -
with very good results (Flahault, 1986, 1987).
Some variations of the original model are being
integrated into the public health surveillance
systems of Bulgaria (CMEA, 1987) and Mexico
(Rodniguez, 1985).

We have carried out a preliminary study in
Cuba to determinate the baseline parameters
for the model. These include the following: (1)
the cofficients of attendance for visits to the
ambulatory health care centers due to influ-
enza-like illness. These cocfficients are used
to distribute the weekly attendance accross
days, e. g., attendance tends to be low on Friday
but high on Monday, (1) the infectious period
distribution, and (111) the relationship between
the etiologic agent, e. g., Influenza A(H;N,),
and the time of the epidemic peak for an epi-
demic in a typical Cuban population (Aguirre
et al,, 1988, 198%a, b).

METHODS AND DATA
The Rvachev-Baroyan local model 1s re-

duced to the solution of the Cauchy problem
for the following integro-differential equation:
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where, x(t) is the number of susceptibles, y(r,
t) 1s the number of infected persons who have
been infected for T time umts, g(x) is the in-
fectious pertod distribution, p is the population
size, A is the infectious contact rate, ¢ is the
tnitial proportion susceptible, T is the maxi-
mum length of the infectious penod, and a(t)
1s the number of reported cases (individuals
attending medical consultations) during the first
days of the outbreak.

The discrete-time counterpart to the above
model 1s governed by the following equation
(Baroyan & Rvachev, 1973; Rvachev &
Longini, 1985):

A T
v(O,t+1)=—x(t) Z
P T =D

¥(7,t) g(7)

This discrete-time model was implemented

in an IBM-XT personal computer*. The time

consumption for a typical calculation is about
20 minutes. In order to estimate the free pa-
rameters oo and A we make the assumption that
the ratio of new infectives in succesive time
units 1s a constant, K, 1. e.,

y(t +1) B
y(t)

K

for t small. It follows directly from the above
equation that

KT'I*I
A = -

T
aX gnK! -7
r=D

*This software package will be available, please send
the request to main author adress.
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(Baroyan & Rvachev, 1973; Rvachev &
Longini, 1985). The initial values of the free
parameters must be contained in a £[0.60,0.90]
and ke[1.05,1.65] which is based on the his-
torical nfluenza data (Baroyan & Rvachev,
1973; Rvachev & Longini, 1985). We then
apply a previously developed statistical proce-
dure to find the estimates & and A. For the
forecasting of the epidemic curves we used the
number of reported cases (patients attending
medical consultations) during the first seven
days after detection of the outbreak. Then the
remainder of the epidemic is predicted.

RESULTS

The surveillance unit detected a rise in
reported cases of acute respiratory infecitons
during the 6th week of 1988, and an influenza
epidemic was confirmed in the following week
ending on February 17th. Laboratory tests pro-
vided evidence of etiologic activity of influ-
enza A(H;N,) virus in both school children
and adults.

The application of the model based on the
information obtained from the overall figures
reported by the surveillance unit, provided the
number of expected individuals attending the
outpatient health centers or services. Then the
monitoring of the daily observed cases reported
by these services was carned out as usual. The
values used in the model were p = 2,027,800,
T = 8,g(x) = {0.00,1.00,0.90,0.55,0.30,
0.15,0.05,0.00} which is an average of those
values. The coefficient of attendance m(w) =
{0.933,0.980,1.00,0.903,0.894,0.760,0.600}
where, w = Monday, Tuesday, . . . , Sunday
were obtained statistically by comparing the
attendance of each day of the week to atten-
dance on Wednesday for a number of influ-
enza epidemics in Havana, e. g., attendance
on Sunday is 60% of attendance on Wednes-
day. The estimated values for the free param-
eters were & = 0,75 and A = 1.42,

The results are shown 1n Table and Figure.
The values were calculated from February 14th.
The expected peak was set for March 15th and
it appeared on March 1st. This diference may
be explained by the bias in the empirical es-
timate of the expected time of the peak of the
outbreak. The final decline of the epidemic
wave was predicted to occur on Apnl 17th
which was also observed to be the final day.
The error of predicted values was calculated
by the formula:
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where, a__ (t) is the maximum value of ob-

served morbidity,

% (a) — y(0, DI |

t =1 2

L

1. ¢., the mean squared deviation, and L 1s the
number of observations. This error was esti-
mated to be 12%.
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g forecasted vases by the Rvachev-Baroyvan model,

-

Booreparted cases
¢oonly the number of cases reparted in the 1irst seven days were
used to estimuated the forecast fremamders.

The shape of the epidemic curve shows the
daily variation in attendance with on mimimum
on Sunday whenthere are no outpatient services,
however, there are still reports to the duty ser-
vices.
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Influenza epidemic forecast, Havana, February 15th to
April 17th 1988, The forecasting error was 12%.

Samples companson based on signs tests
for expected and observed values give Z =
2.125 for large sample test statistic and p =
0.033 for two-tailed probability of equaling or
exceeding this Z, Samples comparison based
on the Wilcoxon’s pairs and ranks test for
expected and observed values give Z = —1.479
for large sample test statistic and p = 0.138 for
two tailed probability of equaling or exceed-
ing this Z, The Pearson Correlation Coeffi-
cient between expected and observed values
obtained was 0.839496 for average removal
and R-squared was equal to 0.70.

DISCUSSION AND CONCLUSIONS

The National Epidemiological Surveillance
System links the primary care services, from
which a data record and reporting subsystem
1s operated through the network of mumicipal
and provincial health centers, to the top health
units of the Pedro Koun Institute of Tropical
Medicine. Data collection and reporting 1s stan-
dardized by national guidelines, and they are
stable and consistent enough to provide good
quality routine surveillance. In addition the
provincial centers of hygiene and epidemiol-
ogy are equiped with personal computers that
make it possible to manage the data in a rapid
and accurate way.

Another important factor for introducing
improved computerized methods of surveillance
and control, with some mathematical aspects,
1s the increased number of professional staff 1n
the municipal and provincial levels who are
being trained in epidemiology and other re-
lated subjects, required for operating compo-
nents of the surveillance models.
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Since it has been possible to obtain suit-
able information on daily attendance to the
health services of Havana, and then, to apply
the local influenza forecasting model in a sat-
isfactory way it secem feasible to incorportate
the model as a routine part of the surveillance
system,

Nevertheless, we will continue to carry out
experiments to improve the technical aspects
of model use, Personnel must be trained in
specific topics concerning mathematical mod-
els. In addition, information provided by local
health departments will probably have to be
reorganized. It may enly be necessary to make
the health centers’ staff at municipal and local
levels aware of the possibility of using this
new tool 1n order to get the most effective
cooperation for rapid transmission of data with
maximum quality and timelyness.

The number of individuals who would at-
tend the health centers of Havana because of
influenza-like illness during the epidemic pe-
riod in February-Apnl, 1988, was estimated in
advance and submitted to the health authori-
ties 1n time to permit the organization of gen-
eral and specific control measures. This is the
first time that such a model has been applied
to actual influenza epidemic in Cuba, We plan
to introduce the model as a routine component
of the surveillance system at no additional cost.
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