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ABSTRACT 

Background: The information concerning the microcephaly epidemic in Brazil, 
made available by the “weekly bulletins” of the Brazilian Health Authorities, 
does not easily allow the construction of an epidemiological curve. This hap-
pens as a consequence of the three changes in the syndrome’s definition and 
have never taken into account and because a relevant number of new cases, 
notified at the beginning of the epidemic were examined and included much 
later on. 

In the present paper we describe a procedure which, trying to overcome 
these difficulties, allows the construction of a verisimilar epidemiological 
curve, which - compared to the curve of Zika infections   suggests speculations 
on the nature of this health disaster. 

Methods: We made two hypotheses in order to “correct” official data for the 
influence of changes in the syndrome definition and of delayed report of 
many cases. 

Results: The epidemic took place almost exclusively in the nine States of the 
North-East of Brazil where the estimated number of “confirmed” cases of 
microcephaly is about 2,300-2,800. Applying the aforementioned corrections, 
we obtained the description of an epidemiological event which was at its max-
imum in December 2015 and came to an end in March – April 2016. We then 
integrated the data of the official bulletins with other official data made avail-
able in 2017: the whole set of data show that the epidemic of microcephaly 
began in October 2015 and reached its maximum in November  and came to 
an end in April 2016.  
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Introduction 

An epidemic of congenital malformations, often incompatible with life, is an undeniable serious 
event at the world level that thus deserves to be thoroughly studied and understood as it is 
possible.  

Concerning the microcephaly epidemic in Brazil (1-6) it should be admitted that the information 
which has been gradually made available by the Brazilian Health Authorities does not allow a 
clear and full description of the epidemiological events. 

Reasonably, the starting point should be the construction, based on non-controversial data, of a 
very-similar epidemiological curve of the “Congenital Syndrome - Microcephaly” cases observed 
in Brazil during a period of time in which a simultaneous epidemics of infective diseases, caused 
by Zika virus, was active in the Country. 

The moment when the viral epidemic first began is uncertain (7): the literature on this issue 
suggests that the Zika virus, well before it was first isolated, in April 2015 (8), it was certainly 
present in the nine North-Eastern states of Brazil where approximately a quarter of the 200 mil-
lion inhabitants of the country live (8) and where ongoing epidemics of exanthematous diseas-
es, initially blamed on other viruses, were a posteriori, recognized to have as their causal agent 
the Zika virus (9, 10). However, given the lack of attention to the new virus and the absence of 
available technology to detect antigens or antibodies relative to the Zika virus we have no idea 
of the real diffusion of this infective agent in Brazil. The fact, that only from January 1st 2016 
official data concerning the Brazilian Zika epidemic has been published, is probably due to these 
technical insufficiencies.  

To reconstruct the temporal trend of the epidemiological curve of microcephaly in Brazil, we 
have available the epidemiological bulletins (1) published from January to December 2016. After 
December 2016, the Bulletin has been presented with less regularity, "probable" and "excluded" 
categories have been introduced and many North East cases have been eliminated (excluded 
cases). On May 12, Brazil announced the end of the health emergency on Zika (11). 

In the present paper we will only deal will bulletins of the 2016.  

 

Conclusion:  The epidemiological curve of microcephaly comes earlier 
than the curve of the Zika virus infection: between the two peaks of 
the two events there is an interval of four months. This fact makes it 
impossible, from an epidemiological point of view, that an early infec-
tion of pregnant women takes place several months before the arrival 
of the virus. This does not exclude that Zika virus, and possibly other 
viruses, can have had a role in this dramatic epidemiological event: 
recent literature indicates Zika as “associated factor”. It is probably 
true that the real main cause of an epidemic geographically and tem-
porally limited is not yet understood.  
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Materials and methods 

We started from the observation that published bulletins, probably for technical reasons, do not 
allow, in the form they have been presented, the construction of a realistic epidemiological 
curve.  

This is due to the fact that during the time interval from 9th November 2015 until 10th April 
2016 the definition of microcephaly in Brazil changed three times with the adoption of progres-
sively more restrictive rules. Moreover, in the early period of the epidemic and up to March 
2016, it was impossible to examine all the cases being reported and it was therefore necessary 
to postpone the inclusion in the statistics of many cases originally assigned to the category “un-
der investigation” (UI). 

Starting from data of the official weekly bulletins we therefore corrected the number of “con-
firmed” microcephaly cases taking into account both the points raised above - the effect of the 
adoption of three progressively more restrictive definitions of microcephaly and the fact that 
cases, which occurred in the initial period of the epidemic, were  included in subsequent epi-
demic periods. We then reconstructed the epidemic curve. 

Table 1 shows, relatively to the North-East region of Brazil and in the different epidemiological 
periods, the ratio “number of confirmed cases”/”number of cases evaluated”: it can be noticed 
that in each of the three periods characterized by different definitions there was a marked sta-
bility in the percentage of cases “confirmed”. 

Table 1. Epidemic of Microcephaly  in the North - East Region of Brazil 

Time intervals Definition of microce-

phaly  

Ratio, per cent  

(min – max)  

cases confirmed/cases 

examined 

Number of cases “un-

der investigation” (% 

of the initial number) 

8 Nov 2011 -   

16 Jan 2016 
< 33 cm 51,0 2960 (100) 

17 Jan -            

12 Mar 2016 
< 32 cm 

43.5 (39.5 - 44.5) 

3217 (108.7) 

13 March -           

9 April 2016 < 3 st dev under the 

mean  (~ 31.5 cm) 

2590 (87.9) 

10 Apr -              

30 Dec 2016 
34.9 ( 33.2 – 36.5) 1767 (53.4) 
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The table also shows that in the early period of the epidemic, and up to March 2016, the cases 
“under investigation” continuously increased, which indicates that in that period it was impossi-
ble to examine all the cases being reported: the number of UI cases decreased from March on, 
obviously because, besides regularly studying all the cases reported in each period, a certain 
number of cases of the previous periods were also analyzed. It must be recognized that this pro-
cedure, regularly applied in the official bulletins, means that a huge number of cases which oc-
curred in the initial period of the epidemic were assigned to subsequent epidemic periods: even 
if from March onward the number of UI cases shows a decreasing trend, in December 2016, 
approx. 1.600 UI cases were still reported in the North-Eastern states. 

After a long evaluation, we reached the conclusion that these  two “defects’ of data presented 
in the official bulletins were important and needed to be eliminated in order to describe a rea-
listic epidemiological curve of cases of newborns with microcephaly in the North-East region of 
Brazil. To accomplish this purpose, in our opinion, it is necessary to formulate two hypotheses: 

a) if the most accurate and selective definition of microcephaly (the one adopted from April 
2016) were used from the beginning of the epidemic, the number of cases of acknowledged and 
confirmed microcephaly would have been lower: a decrease of 16% in the period November 
2015-January 2016 and an 8.6% reduction in the period January – April of the same year; 

b) in order to assign the “UI” microcephaly cases to the period in which they actually occurred, 
we must assume that, had it been possible to examine all the cases reported in each period, 
among the cases in the UI category there would have been a percentage of “confirmed” cases 
equal to the one found among the cases which was possible to examine. The constancy of the 
percentage of cases disregarded over the different epidemiological periods makes this hypothe-
sis acceptable, although it, obviously, remains in part presumptive. 

Results 

Figure 1 shows the trend of the epidemiological curve of microcephaly cases in the North-
Eastern states and in the rest of Brazil. This curve was obtained using the data reported in the 
official bulletins (curve A) and the modifications resulting when taking into account the influ-
ence of the variations in the definition of microcephaly and when the many cases UI were as-
signed to the initial epidemiological period when they really occurred (curve B) 

Curve A peaks in December 2015, with about 250 cases every two weeks, halves in April and 
remains at about a quarter of the initial number of cases up to December 2016.  

Curve B shows significant changes: the number of cases at its peak is double (500 cases every 14 
days) and the curve rapidly comes to an end in March, and remains thereafter near zero up to 
December 2016. Curve B also shows that, compared to the North-East States, in the rest of Bra-
zil the number of cases has always been very low and non-relevant.  
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Figure 1. Hypothetical epidemic curves (interval between points= two weeks) of microcephaly in 

the North-East states (black lines) and in the rest of Brazil (grey lines):  

Panel a (upper) : according to “confirmed “cases reported in the official bulletins, without correc-

tions; 

Panel b (lower): taking into account that, at the beginning of the epidemic, there was an over re-

porting of confirmed cases due to the current less specific definition of the syndrome and assigning 

cases “under evaluation“ to the period in which they were really notified. 
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It is important to underline the fact that the information made available by the official bulletins 
only started in December 2015 and only allows the reconstruction of the second part of the mi-
crocephaly epidemic: in order to know when the epidemic began and reached its peak we must 
refer to other official data reported in 2017 by the Brazil Ministry of Health (12) concerning 
2,775 cases confirmed in territorial municipalities (fig. 2b): these data describe an epidemic 
curve starting at the beginning of October 2015, reaching its peak in the middle of November 
and coming to an end at the beginning of April 2016. The curve of figure 2b perfectly fits with 
the curve we reconstructed from data of the official bulletins (fig 1 B): the only difference is the 
endless tail of the curve of fig. 2b, a difference which, as already largely discussed, depends on 
cases still “Under Investigation” all throughout the year. It has been reported that during the 
whole epidemic period approximately 2.300- 2800 cases of microcephaly were confirmed: the 
fact that, in the last one-two years in Brazil the number of reported cases was low, seems to 
exclude the hypothesis of an epidemic characterized by a recurrent seasonal trend. 

In order to complete the picture, we also report the epidemic curve of Zika virus infection in 
Brazil (fig. 2a).  

 

a  

b  

Figure 2. panel a (left): the epidemic curve of Zika infection, suspected and confirmed case 
(Source PAHO/WHO (13)) 
                panel b (right): the epidemic of microcephaly confirmed cases (Source: Brazil Min-
istry of Health ( 12)). 
 The black line in panel b indicates of the peak of Zika infection: it can be seen that the peak 
of microcephaly precedes with about 3 months the peak of Zika infection.  

Discussion  

In the present paper we reconstructed the epidemiological curve for microcephaly in Brazil ob-
tained applying two plausible corrections. The result of our efforts was the description of an 
epidemiological event which is at its maximum in December when official bulletins were first 
published and dropped near zero in April 2016. This temporal behavior is fully confirmed by the 
curve published in 2017 (fig. 2b) which more precisely tells that the epidemic began in the first 
part of October and sharply reached its peak in the second part of November 2015.  
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We are well aware of the fact that, following the OMS dramatic alarm of 1st February 2016 (14), 
when President Chen declared the existence in Brazil of a “Public Health Emergency of Interna-
tional Concern” (in practice the hypothetical temporal coincidence of Zika virus epidemic and of 
Microcephaly epidemic was assumed as the proof of a causal link between the two), an im-
mense and highly qualified literature has fully accepted the existence of a microcephaly epidem-
ic causally linked to Zika Virus infection of pregnant women (Zika Congenital Syndrome). 

We feel however, that available information does not allow a simple, scientifically based conclu-
sion and that many items still need discussion. 

In order to better analyze this complex item we would like to divide the field trying to answer to 
two different questions. 

1) Is the Zika virus capable of inducing a teratogenic congenital microcephaly?  

The positive answer to this question is supported by a large number of case reports in which it is 
largely demonstrated that if, during the first two/three months of pregnancy, a woman under-
goes a Zika infection, especially if the infection is symptomatic or clinically severe, microcephaly 
(and other numerous malformations) can be the birth outcome. In this sense Zika virus can be 
included in the list of infective agents known as “TORCH”(15): in this list obviously Zika virus can 
assume a prominent importance in the tropical belt of the Planet where the virus is the cause of 
large and frequent epidemic events. 

2) Is the Zika virus the cause of the microcephaly epidemic which took place in 2015/2016 in 
Brazil?  

Since early 2016, our group (15,16,17,18) together with more authoritative voices (e.g. 19) ex-
pressed the opinion that probably this question should receive a negative answer. After two 
years, when the epidemic has been silent in the last 12/18 months, also as a consequence of 
epidemiological data reported in the present paper, we strongly confirm our opinion: the Zika 
virus is probably not the cause of the Brazilian microcephaly epidemic. 

This sharp opinion is based on three observations often reported but still untouched:  

a) the epidemics of Zika virus infection are ubiquitous and touched the rest of Brazil and at 
the least 70 other Countries of the tropics: in no one of these places an increase of mi-
crocephaly has ever been reported (we consider interesting but not relevant in the dis-
cussion of the huge Brazilian disaster the findings of a retrospective study (20) con-
ducted in the French Polynesia where a statistically significant increase of microcephaly, 
seven cases during a four months period of a Zika virus epidemic, was reported). 

b) comparing the figures 2a and 2b of the present paper it can be easily observed that the 
epidemic curve of Zika virus infection comes about 3-4 months after the epidemic curve 
of microcephaly. If an infection of the mother in the first three months of pregnancy is 
the cause of thousands of microcephaly, the maximum intensity of Virus circulation (i.e. 
the maximum probability of infection for the mothers) should take place seven-nine 
months before the birth of microcephalic newborns. It appears that, if we do not inte-
grate the model with some other information and simply accept the causal link ”Zika in-



The meaning of the epidemiological curves of Zika Infection and of Microcephaly in Brazil.  
 

Science Publishing Group Copyright 2018 www.spg.ltd 
 

8 

fection causes microcephaly”, it comes out that the consequences precede the cause of 
several months. 

The question has apparently been opened again by the recent publication of de Araújo and coll. 
(21), which integrates the precedent publication of Cordeiro and coll. (22): the paper describes 
an important and absolutely well done case-control study, supposedly aimed at the demonstra-
tion of the role of Zika virus in the pathogenesis of Brazil microcephaly epidemic. If this was the 
main target of the study, it has not been fully achieved because only 1/3 of the 92 studied cases 
of microcephaly admitted in the hospital of Pernambuco during the epidemic were found to 
bear, in the blood or (more frequently) in the cephlo-rakidian fluid, IgM antibodies directed 
against Zika virus. The result is important but strongly suggests that, possibly, 2/3 of the mal-
formations have nothing to do with the Zika. Concerning the 1/3 of the microcephaly in whom 
the IgM anti Zika virus were found, the Authors qualified their finding as an ”association”, a 
word which can have different  meanings.  

In any case, if one wants to consider the findings of de Araújo and coll.(20) as a demonstration 
of the etiological importance of the Zika virus, he has to answer again the question: why did this 
virus assume devastating capacity only in Pernambuco and in that period of time? And more: is 
it possible that other viruses, apart from Zika, have had similar role?  

In conclusion, it is our strong impression that the squared epidemic wave of microcephaly, ra-
pidly reaching its peak in one month and, after 5 months, rapidly falling to an end in 1-2 months, 
suggests the existence of a local cause appearing and disappearing in the environment and pos-
sibly involving infective agent(s) with the role of “associated factor(s)”. 
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