
- Committee meeting (Elizabeth Loder (chair); Angie Wade (statistician); Tiago 

Villanueva; Georg Roeggla; John Fletcher; Rubin Minhas) 

 

 

We would like to thank the committee meeting for the attention given and the time 

taken to provide suggestions and corrections to our study. We have included all the 

corrections indicated by the reviewers in main document and below have provided 

responses to the comments point by point. We enumerated the questions. 

 

 

1-* We need more information about how you chose these 37 children. 

 

Answer: Thank you for the question. The brain image reevaluation was indicated when 

there was clinical suspicion of hydrocephalus and due to nonspecific symptoms, such 

as: onset or increase of seizures, vomiting, irritability, change in head circumference 

percentile. After some time,  the risk of developing hydrocephaly in patients with CZS 

became evident, so the group of specialists that followed-up these patients decided to 

proceed with brain image control in some patients who presented some degree of 

ventricular dilatation on initial CT scan. Our co-author and neuropediatrician follows on 

an outpatient basis about 200 children with congenital Zika syndrome (CZS). From 20 

developed with marked hydrocephalus and had indication for neurosurgery 

(ventriculoperitoneal shunt). This is new data not yet described in the literature in which 

we are working in parallel. These 37 patients were the first referred to perform an 

unenhanced head follow-up CT scan and we were surprised with the findings, with 

some patients developing hydrocephalus, even asymptomatic, significant volume 

reduction of brain parenchyma and calcifications. 

We retrieved the images of the initial CT scan of each patient and performed a 

comparative analysis. 

We added the frequency of each clinical indication to perform a follow-up CT scan on 

the main document. 

 

This information was detailed on the Methods, page 6, paragraph 3: “The brain image 

reevaluation was indicated when there was clinical suspicion of hydrocephalus and due 

to nonspecific symptoms, such as: onset or increase of seizures, vomiting, irritability, 

change in head circumference percentile. After some time, the risk of developing 

hydrocephaly in patients with CZS became evident, so the group of specialists that 

followed-up these patients decided to proceed with brain image control in some patients 

who presented some degree of ventricular dilatation on initial CT scan. The most 

frequent symptoms that motivated the request of a follow-up CT were: seizures (26 

patients/ 70,2%), being difficult to control in 11 patients (29,7%); irritability (10 

patients/ 27%); vomiting (8 patients/ 21,6%); worsening of dysphagia (5 patients/ 

13,5%); previous MRI suggestive of hydrocephalus (4 patients/ 10,8%); HC increase (3 

patients/ 8,1%); drowsiness (2 patients/ 5,4%); worsening of hypertonia (1 patient/ 

2,7%) and recurrent respiratory tract infection (1 patient/ 2,7%). We emphasize that 

these symptoms could be associated, being the triad vomiting, irritability and seizures 

that were difficult to control the most common association, present in 9 patients 

(24,3%). These 37 patients were the first referred to perform the control brain image.  

 

 

 



 

2-* Several editors were concerned about the ethical aspects of the study. Were there 

clinical justifications for doing these scans or were they done only for purposes of the 

study? If the latter, is it ethical to do additional CT scans and expose these children to 

radiation? Were parents asked to provide informed consent? Were the babies sedated 

for the scans? If so, was the additional risk of sedation or anesthesia justifiable? 

 

Answer: We are grateful for your comments. In our experience, current data show that 

from the 200 children with followed-up CZS, 20 evolved with marked hydrocephalus 

and had indication for neurosurgery (ventriculoperitoneal shunt). Thus, currently there 

is a concern of the possible evolution of these children to hydrocephalus as suggested 

by van der Linden [11]. All CT scans were formally requested by the assistant 

neuropediatrician for a clinical investigation of a possible complication, mainly the 

progression to hydrocephalus. The person responsible for each child signed an informed 

consent form for the study to be carried out. We know the harmful effects of ionizing 

radiation, but tomography is the exam of choice for hydrocephalus investigation in 

children around 1 year of age who presents with closed cranial fontanelles, what 

precludes the use of transfontanelle ultrasonography for diagnostic purposes. Magnetic 

resonance imaging is not feasible because of the delay in performing the exam, the need 

of sedation, very high cost and very low availability in our city. Because of the broad 

spectrum of clinical presentation, patients exhibit varying behaviors ranging from 

hypoactivity to restlessness. Most children did not have to be sedated, they just needed a 

physical containment with bands. In the few children who were agitated at the time of 

the examination, inhalation sedation according to the weight of each patient was 

performed by an experienced anesthetist. This procedure is safe and was performed in a 

hospital setting with full support for possible complications. Faced with the suspicion of 

hydrocephalus and intracranial hypertension, an affection that requires immediate 

treatment, the imaging method and sedation are justified. 

 

This information was added on the Introduction, page 5, paragraph 3: “Unlike other 

congenital infections, several patients are developing hydrocephalus between 3 to 12 

months, with no clinical symptoms or nonspecific symptoms. In our experience, current 

data show that from the 200 children with followed-up CZS, 20 evolved with marked 

hydrocephalus and had indication for neurosurgery (ventriculoperitoneal shunt). The 

pathophysiology of hydrocephalus in CZS is still unknown, but we suggest that all 

patients should have brain imaging control between 10 to 12 months of age.[11]” 

 

This information was added on Methods, on page 7, paragraph 1: “All follow-up 

unenhanced head CT scans were formally requested by the assistant neuropediatrician. 

The person responsible for each child signed an informed consent form for the study to 

be carried out. Most children did not have to be sedated, they just needed a physical 

containment with bands. In the few children who were agitated at the time of the exam, 

inhalation sedation according to the weight of each patient was performed by an 

experienced anesthetist.” 

This information was added on the Discussion, on page 156, paragraph 21: “Despite the 

harmful effects of ionizing radiation, CT scan is the exam of choice for hydrocephalus 

investigation in children around 1 year of age who presents with closed cranial 

fontanelles, what precludes the use of transfontanelle ultrasonography for diagnostic 

purposes. Magnetic resonance imaging is not feasible because of the delay in 

performing the exam, the need of sedation and very high cost.” 



 

3-* The title should not contain a question. We suggest something such as "Followup 

head CT scans of a series of 37 children with congenital Zika Syndrome" 

 

Answer: We accept the suggestion. Thank you. 

 

 

4-* No analysis plan is given in the methods and there is no abstract. Please include 

these things in the revision. 

 

Answer: Thank you. Sorry, but abstract was added only in a separate abstract folder that 

was provided. The abstract and analysis plan have been added in this first revised main 

document. 

 

Abstract was added on page 1, paragraph 1. 

 

The analysis plan was added on the Methods, on page 101, paragraph 41: “For the 

statistical analysis, the software SPSS 21.0 (Statistical Package for the Social Sciences) 

for Windows and Excel 2010 were used. McNemar test for paired data was applied to 

study the behavior of results of initial CT scan with the follow-up CT scan. Fisher's 

exact test was used to analyze the association of qualitative variables. Additional 

analyses included a residue analysis, which examines the association between categories 

of variables in a contingency table. Results were considered statistically significant 

when p < 0.05.” 

 

 

5-* Table 1 should present the paired data to show of those with initial problems, how 

many of these improved, and how many of those without initial problems developed 

them. The statistical analyses performed should retain this within person pairing of the 

observations (McNemar test). 

 

Answer: Thank you for comments. There was no development of new calcifications on 

follow-up CT scans. The patients could present: unchanged calcifications, or had them 

reduced or disappeared on follow-up CT scans. The table shows the cerebral lobes that 

presented calcifications on initial and on follow-up CT scans. For example: a patient 

could have calcifications in all lobes on initial CT scan and only in the frontal and 

parietal lobe on follow-up CT scan because the calcifications disappeared from the 

temporal and occipital lobes. Only the presence or absence of cortico-subcortical 

junction calcifications in the cerebral lobes on this two moments was evaluated. 

Table 1 was corrected by applying the McNemar test to compare paired data, as well as 

a comparison of initial CT scans with follow-up CT scans for the variable cortical-

subcortical junction, thalamus, brainstem, ganglia, cerebellum and periventricular area. 

 

 

 

 

 

 

 

 



 

Corrected Table 1, on the Results, page 123. 

Table 1. Distribution of the cortical-subcortical junction calcifications in the 

cerebral lobes on initial and on follow-up CT scans. 

 Computed Tomography (CT)  

Cerebral lobes Initial Follow-up P 

 n (%) n (%) McNemar test 

Frontal    

Yes 35 (100.0) 33 (94.3) 0.999 

No 0 (0.0) 2 (5.7)  

Parietal    

Yes 28 (80.0) 19 (54.3) 0.004* 

No 7 (20.0) 16 (45.7)  

Temporal    

Yes 22 (62.9) 21 (60.0) 0.999 

No 13 (37.1) 14 (40.0)  

Occipital    

Yes 21 (60.0) 12 (34.3) 0.004* 

No 14 (40.0) 23 (65.7)  

(*) p < 0,05 

 

6-* Fishers exact test of table 2 is not particularly helpful. The null hypothesis is that 

the evolution group % are the same between the patients initially classified as mild, 

moderate or severe, which does not make sense as these groups have differing capacity 

to move in specified directions regardless of any real association. (For example, those in 

the severe group cannot increase.) 

  

Answer: Thank you for the considerations. Actually, we classified the evolution of 

cerebral volume on follow-up CT scans compared to initial CT scan. So, it was possible 

a patient with severe reduction of cerebral volume on initial CT scan further reduce 

parenchymal volume on follow-up CT scan. We consider the thickness of the cerebral 

parenchyma, the size of the ventricles, extra-axial space and the cisterns of the base by 

qualitative visual inspection. We corrected de table including de patients with normal 

cerebral volume on initial CT scan. 

 

This information is now on the Methods, page 10, paragraph 13: “Still in the initial CT 

scans we answered if there were signs of cerebral volumetric reduction. If the answer 

was yes, we classified them in mild, moderate or severe. Cerebral volume on the initial 

CT scan was classified as: normal or mild, moderate or severe volume reduction. The 

follow-up CT scans were compared to the initial CT scans by qualitative analysis: a) if 

the cerebral volume had remained unchanged, b) reduced or c) increased. By visual 

inspection, we consider the thickness of the cerebral parenchyma, the size of the 

ventricles, extra-axial space and the cisterns of the base.” 

 

This information is now on the Methods, page 10, paragraph 1: “Then, we answered 

about cerebral volume comparing follow- up CT with initial CT scans: the cerebral 

volume remains unchanged, reduced or increased; using some anatomical points as 



parameters, being the main: thickness of cerebral lobes, size of ventricles, extra-axial 

space, Sylvian fissure and cisterns basal.” 

 

 

 

 

Corrected Table 2, Results, page 134. 

Table 2. Relationship between the degree of cerebral volume reduction on initial 

CT scans and the evolution of the cerebral volume on follow-up CT scans. 

Evolution of cerebral 

volume on follow-up CT 

scans 

Degree of cerebral volume reduction on initial 

CT scans 

p 

 

Normal 

n (%) 

Mild 

n (%) 

Moderate 

n (%) 

Severe 

n (%) 
 

Unchanged 2 (50.0) 4 (80.0) 3 (23.1) 2 (13.3) 0.034 * 

Reduced 2 (50.0) 1 (20.0) 9 (69.2) 13 (86.7)  

Increased 0 (0.0) 0 (0.0) 1 (7.7) 0 (0.0)  

(*) Fisher's Exact Test 

 

7-* In relation to table 2 data, the authors state that the greater the reduction of cerebral 

volume at initial CT scan, the greater the parenchyma reduction on follow up. However, 

of the severe initial group 13/15 (87%) reduce compared to 10/18 (56%) of the others, 

which is a non-significant difference (31% diff with 95% ci (-0.5, 55%)). Severe vs 

moderate is a difference of 17.4% (-13.1, 46%). Hence the p-value of 0.022 is 

misleading.  

The 2 with no initial reduction should also be shown in the table. 

 

Answer: Thank you for the comment. A new statistical analysis was performed and we 

had to review this statement. In Table 2 as the association test was significant, a Residue 

analysis was performed, which examines the association between categories of variables 

in a contingency table. The adjusted standardized residue (Zres) was used as a measure 

of association and was considered relevant if Zres> |1.96|. In Table 2, the categories that 

presented residue greater or less than 1.96 was mild group, that is, the relevant 

difference is in this group in relation to the others. There was a statistically significant 

association between the cerebral volume on initial CT scan and the evolution of this 

volume on follow-up CT scan (p = 0.034); the group of patients with mild reduction of 

cerebral volume on initial CT scan was which presented a different behavior (Zres > 

|1.96|, with the most keeping cerebral volume unchanged. Most of patients in the group 
with moderate and severe reduction of cerebral volume on initial CT scan evolved with 

reduce of cerebral volume on follow-up CT scan. 

Patients with normal brain volume were also added to the table 2, as suggested in 

question 7 by the committee meeting. 

 

This information is now on the Results, page 13, paragraph 1: “There was a statistically 

significant association between the cerebral volume on initial CT scan and the evolution 



of this volume on follow-up CT scan (p = 0.034); the group of patients with mild 

reduction of cerebral volume on initial CT scan was which presented a different 

behavior (Zres > |1.96|, with the most keeping cerebral volume unchanged. Most of 

patients in the group with moderate and severe reduction of cerebral volume on initial 

CT scan evolved with reduce of cerebral volume on follow-up CT scan.” 

 

This information was added on the Discussion, page 17, paragraph 3: Regarding the 

evolution of the cerebral volume on follow-up CT scans, there was a statistically 

significant association with the cerebral volume on the initial CT scan. There was a 

statistically significant association between the cerebral volume on initial CT scan and 

the evolution of this volume on follow-up CT scan (p = 0.034); the group of patients 

with mild reduction of cerebral volume on initial CT scan was which presented a 

different behavior (Zres > |1.96|, with the most keeping cerebral volume unchanged. 

Most of patients in the group with moderate and severe reduction of cerebral volume on 

initial CT scan evolved with reduce of cerebral volume on follow-up CT scan. 

Answer: Thank you for the considerations. In Table 2 as the association test was 

significant, a Residue analysis was performed, which examines the association between 

categories of variables in a contingency table. The adjusted standardized residue (Zres) 

was used as a measure of association and was considered relevant if Zres> |1.96|. In 

Table 2, the categories that presented residue greater or less than 1.96 was mild group, 

that is, the relevant difference is in this group in relation to the others. Patients with 

normal brain volume were added to the table 2. 

 

This information is now on the results, page 13, paragraph 2: “There was a statistically 

significant association between the cerebral volume on initial CT scan and the evolution 

of this volume on follow-up CT scan (p = 0.034); the group of patients with mild 

reduction of cerebral volume on initial CT scan was the one that presented a different 

behavior (Zres > |1.96|, with the majority keeping cerebral volume unchanged. Most of 

patients in the group with moderate and severe reduction of cerebral volume on initial 

CT scan evolved with reduced cerebral volume on follow-up CT scan.” 

 

Corrected Table 2, Results, page 14. 

Table 2. Relationship between the degree of cerebral volume reduction on initial 

CT scans and the evolution of the cerebral volume on follow-up CT scans. 

Evolution of cerebral 

volume on follow-up CT 

scans 

Degree of cerebral volume reduction on initial 

CT scans 

p 

 

Normal 

n (%) 

Mild 

n (%) 

Moderate 

n (%) 

Severe 

n (%) 
 

Unchanged 2 (50.0) 4 (80.0) 3 (23.1) 2 (13.3) 0.034 * 

Reduced 2 (50.0) 1 (20.0) 9 (69.2) 13 (86.7)  

Increased 0 (0.0) 0 (0.0) 1 (7.7) 0 (0.0)  

(*) Fisher's Exact Test 

 

 

8-* Similarly for tables 3 and 4 and their associated analyses.  

 



Answer: Thank you. We corrected table 3 and table 4 has been removed from the main 

document (as suggested by reviewer 1 on question 21) and we added a paragraph 

describing the findings. 

 

 

 

 

Corrected Table 3, Results, page 15. 

Table 3. Relationship between the degree of cerebral volume reduction on initial 

CT scans and the evolution of the calcifications on the follow-up CT scans. 

Evolution of 

calcifications on 

follow-up CT scans 

Degree of cerebral volume reduction in initial CT 

scans 
p 

Normal 

n (%) 
Mild 

n (%) 

Moderate 

n (%) 

Severe 

n (%) 

 

Unchanged 0 (0,0) 0 (0,0) 2 (15,4) 0 (0,0) 0,167* 

Vanished 0 (0,0) 1 (20,0) 0 (0,0) 0 (0,0)  

Diminished 4 (100,0) 4 (80,0) 11 (84,6) 15 (100,0)  

(*) Fisher's Exact Test 

 

Information was added on the Results, page 14, paragraph 2: “Among 11 patients who 

remained with unchanged cerebral volume on follow-up CT scan, 10 (90.9%) presented 

diminished calcifications. Among 25 patients who showed reduced cerebral volume on 

follow-up CT scan, 23 (92.0%) presented with diminished calcifications. And the only 

patient who presented with increased cerebral volume on follow-up CT scan, also 

evolvedwith diminished calcifications. There was no statistically significant association 
between cerebral volume evolution and calcification evolution on follow-up CT scan (p 

= 0,421).” 

 

 

9-* One limitation noted is the subjective quantification of calcifications. Information 

should be given re the agreement between the 4 assessors pre-consensus. 

 

Answer: Thank you for the comment. Until now, there is no software for quantification 

of cerebral calcification to our knowledge. We formed a team of four physicians 

(neuropediatrician with 19 years of experience, one radiologist with 18 years and 2 

radiologists with 3 years of experience) to evaluate the images of the initial CT and the 

follow-up CT scan simultaneously and consensually through sequenced questions for 

each patient; for example, on initial CT scan: Is there calcification in the frontal lobe? 

At the follow-up CT scan: how are calcifications in the frontal lobe compared to the 

initial CT scan? Increased, stable, decreased, or completely disappeared (vanished)? 

Responses were stored in spreadsheets for statistical analysis. 

 

This information is now detailed on the Methods, page 9, paragraph 3: “The image 

analysis was made jointly by four physicians (a neuropediatrician with 19 years of 

experience, one radiologist with 18 years and two radiologists with 3 years of 

experience) in two meetings. The meetings had a difference of two days between them. 

At the first meeting, we analyzed 20 patients and at the second meeting we analyzed 17 



patients. The initial and follow-up CT images from each patient were analyzed side by 

side in a workstation, after adjustments of window, slice thickness and planes, to 

equalize the images to the most. The four physicians answered oral questions, at the 

same time, from a form created by the authors. First, analysing the initial CT scans, we 

answered if there were brain calcifications (yes or no). Then, if the answer was positive 

we asked about the location: cerebellum, brainstem, thalamus, basal ganglia, 

periventricular, cortical and in cortico-subcortical junction.  

As the cortical-subcortical junction location was the most prevalent, we decided to 

analyze its distribution in the cerebral lobes (frontal, parietal, temporal and occipital). 

We also classified calcifications if they were punctate, coarse or both. Still in the initial 

CT scans we answered if there were signs of cerebral volumetric reduction. If the 

answer was yes, we classified them in mild, moderate or severe. On follow-up CT 

scans, we answered the same questions about calcifications: if there were brain 

calcifications (yes or no) and if the answer was positive we asked about the location: 

cerebellum, brainstem, thalamus, basal ganglia, periventricular, cortical and in cortico-

subcortical junction. We analyzed its distribution in the cerebral lobes (frontal, parietal, 

temporal and occipital). Then, we answered about cerebral volume comparing follow- 

up CT with initial CT scans: the cerebral volume remains unchanged, reduced or 

increased. The authors agreed on most of the answers, but when there was 

disagreement, we debated and consensually chose the best answer. All the consensus 

answers were stored in appropriate spreadsheets for statistical analysis. Until now, there 

is no software for quantification of cerebral calcification to our knowledge.” 

 

This information was added on the Discussion, page 245, paragraph 31: “A limitation of 

our study was the subjective way of quantifying cerebral calcifications, since there is no 

specific software for this purpose to our knowledge. However, we tried to minimize 

subjective bias effects by reading the images jointly, three radiologists and one 

neuropediatrician, in a consensus analysis towards the consistency of our own 

individual observations on the alterations of calcifications patterns on the follow-up CT 

scans.” 

 

 

10-* We agree with reviewers who are worried about whether there is enough 

standardization between initial and followup scans to justify the conclusions. 

Specifically, we are worried about head movement or positioning differences. The other 

thing is that equipment varied across patients for initial scans although all followup 

scans were done at a single tertiary hospital. The judgement of calcification appears to 

rest on seeing white spots.  We have all seen how pictures can change quite a bit as you 

adjust the contrast so we need to be reassured that the images being compared are like 

for like images.  Here many of the were taken at different hospitals using different 

machines.  Although you try and address this problem by using consensus among 

radiologists we think it takes more to ensure the images are comparable.  This is 

amplified upon by ref2. These things make us worry about the validity of the findings. 

 

Answer: Thank you for the comments. We understand the concern with the veracity of 

the data, as we are also surprised by the unexpected evolution of the image findings. 

However, although the initial CT scans (performed during outbreak) were carried out in 

different places and equipment, all were retrieved in the form of CD containing DICOM 

images and were evaluated by us in a workstation, where there are tools for window 

level adjustment, slice thickness and planes. We compared the initial CT scans and the 



follow-up CT scans side by side and applied the same parameters in both, minimizing 

the variations. Due to cranial deformities that some newborns presented on initial CT 

scans and the movement of some patients on follow-up CT scans (because we avoided 

sedation in most patients) there were minimal variations in the images shown, but they 

did not compromise the perception of calcifications and thickness of the cerebral 

parenchyma. 

 

This information is now detailed on the Methods, page 8, paragraph 4: “The initial CT 

scans were performed during the outbreak in different radiology centers and with 

different CT equipment (slice detectors varying from 6 to 64 on initial CT scan), 

making it impossible to standardize, but these scanners had similar technical 

capabilities.” 

This information is now detailed on the Methods, page 9, paragraph 2: “All images 

were retrieved in the form of CD containing DICOM images and were carefully 

analyzed and compared by trained physicians in a workstation, where there were tools 

for window level adjustment, slice thickness and planes. We compared the initial CT 

scans and the follow-up CT scan side by side and applied the same parameters in both, 

minimizing the variations. Due to cranial deformity that some newborns presented on 

initial CT scans and the movement of some patients on follow-up CT scans (because we 

avoided sedation in most patients) there were minimal variations in the images shown, 

but they did not compromise the perception of calcifications and thickness of the 

cerebral parenchyma.” 

 

 

11-* The judgement of cerebral volume appears even more subjective and rests on 2D 

cross sectional scans.  However, if there has been growth in the head then the thickness 

of grey matter on scans cannot be used as a measure of volume since an equivalent 

amount of grey matter will be spread more thinly.  The categorisation of volume 

appears to be just mild moderate or severe with subjective cut offs between 

categories.  Subjective comparisons of brain volume need to be placed alongside 

objective measures of head size and cortical thickness. 

 

Answer: Thank you for considerations. 

 

This information is now on the Methods, page 10, paragraph 1: “Still in the initial CT 

scans we answered if there were signs of cerebral volumetric reduction. If the answer 

was yes, we classified them in mild, moderate or severe. .” 

 

This information is now on the Methods, page 10, paragraph 1: “Then, we answered 

about cerebral volume comparing follow- up CT with initial CT scans: the cerebral 

volume remains unchanged, reduced or increased; using some anatomical points as 

parameters, being the main: thickness of cerebral lobes, size of ventricles, extra-axial 

space, Sylvian fissure and cisterns basal.”This information is now detailed on the 

Methods, page 11, paragraph 1: “We did qualitative analysis by visual inspection, 

comparing images of initial and follow-up CT scans, side by side, using some 

anatomical points as parameters, being the main: thickness of cerebral lobes, size of 

ventricles, extra-axial space, Sylvian fissure and cisterns basal.” 

 

 

 



12-* The quantification of calcifications is subjective. We need information about how 

often the radiologists agreed (consider kappa statistics), how long it took them to reach 

consensus, whether they knew what the previous scans showed when they were doing 

this. 

 

Answer: Thank you for considerations. 

 

This information is now detailed on the Methods, page 9, paragraph 3: “The image 

analysis was made jointly by four physicians (a neuropediatrician with 19 years of 

experience, one radiologist with 18 years and two radiologists with 3 years of 

experience) in two meetings. The meetings had a difference of two days between them. 

At the first meeting, we analyzed 20 patients and at the second meeting we analyzed 17 

patients. The initial and follow-up CT images from each patient were analyzed side by 

side in a workstation, after adjustments of window, slice thickness and planes, to 

equalize the images to the most. The four physicians answered oral questions, at the 

same time, from a form created by the authors. First, analysing the initial CT scans, we 

answered if there were brain calcifications (yes or no). Then, if the answer was positive 

we asked about the location: cerebellum, brainstem, thalamus, basal ganglia, 

periventricular, cortical and in cortico-subcortical junction.  

As the cortical-subcortical junction location was the most prevalent, we decided to 

analyze its distribution in the cerebral lobes (frontal, parietal, temporal and occipital). 

We also classified calcifications if they were punctate, coarse or both. Still in the initial 

CT scans we answered if there were signs of cerebral volumetric reduction. If the 

answer was yes, we classified them in mild, moderate or severe. On follow-up CT 

scans, we answered the same questions about calcifications: if there were brain 

calcifications (yes or no) and if the answer was positive we asked about the location: 

cerebellum, brainstem, thalamus, basal ganglia, periventricular, cortical and in cortico-

subcortical junction. We analyzed its distribution in the cerebral lobes (frontal, parietal, 

temporal and occipital). Then, we answered about cerebral volume comparing follow- 

up CT with initial CT scans: the cerebral volume remains unchanged, reduced or 

increased. The authors agreed on most of the answers, but when there was 

disagreement, we debated and consensually chose the best answer. All the consensus 

answers were stored in appropriate spreadsheets for statistical analysis. Until now, there 

is no software for quantification of cerebral calcification to our knowledge.” 

 

 

13-* In Table 1 you have the paired data and that should be shown as paired and you 

should use paired tests. * Comparisons should be made within children, then if 

appropriate between groups. 

 

Answer: Thank you. Table 1 was corrected by applying the McNemar test to compare 

paired data, as well as a comparison of initial CT scans with and follow-up CT scans for 

the variable cortical-subcortical junction, thalamus, brainstem, ganglia, cerebellum and 

periventricular area. 

 

Corrected Table 1 is now on the Results, page 123. 

Table 1. Distribution of the cortical-subcortical junction calcifications in the 

cerebral lobes on initial and on follow-up CT scans. 



 Computed Tomography (CT)  

Cerebral lobes Initial Follow-up P 

 n (%) n (%) McNemar test 

Frontal    

Yes 35 (100.0) 33 (94.3) 0.999 

No 0 (0.0) 2 (5.7)  

Parietal    

Yes 28 (80.0) 19 (54.3) 0.004* 

No 7 (20.0) 16 (45.7)  

Temporal    

Yes 22 (62.9) 21 (60.0) 0.999 

No 13 (37.1) 14 (40.0)  

Occipital    

Yes 21 (60.0) 12 (34.3) 0.004* 

No 14 (40.0) 23 (65.7)  

(*) p < 0,05 

 

14-* On other tables you've done fishers exact test and that is not useful at all. For 

example, in Table 2 we have evolution – unchanged and increased. If you use fishers 

your null is that the distribution of unchanged and increased is the same in mild/ mod/ 

severe but that can’t be because if you are severe you can’t get worse and if you are 

mild you are more likely to get better. 

 

Answer: Thank you for the considerations. As we answered in question 6, we classified 

the evolution of cerebral volume on follow-up CT scans compared to initial CT scan. 

So, it was possible a that patient with severe reduction of cerebral volume on initial CT 

scan would further reduce parenchymal volume on follow-up CT scan, as we observed 

in many cases. We took into account the thickness of the cerebral parenchyma, the size 

of the ventricles, extra-axial space and the cisterns of the base. We corrected table 

including the patients with normal cerebral volume on initial CT scan, as was suggested 

before in question 7. 

This information is now on the Methods, page 10, paragraph 1: “Still in the initial CT 

scans we answered if there were signs of cerebral volumetric reduction. If the answer 

was yes, we classified them in mild, moderate or severe. .” 

 

This information is now on the Methods, page 10, paragraph 1: “Then, we answered 

about cerebral volume comparing follow- up CT with initial CT scans: the cerebral 

volume remains unchanged, reduced or increased; using some anatomical points as 

parameters, being the main: thickness of cerebral lobes, size of ventricles, extra-axial 

space, Sylvian fissure and cisterns basal.” 

 

This information was added on the Methods, page 10, paragraph 3: “Cerebral volume 

on the initial CT scan was classified as: normal or mild, moderate or severe volume 

reduction. On follow-up CT scans, we assessed by qualitative analysis if the cerebral 

volume had remained unchanged, reduced or increased, as compared to the initial CT 

scan. We took into account the thickness of the cerebral parenchyma, the size of the 

ventricles, extra-axial space and the cisterns of the base.” 

  

15-* Then there is the matter of reduction of cerebral volume. If you look at the severe 

initial group you have some reducing but that is nonsignificant when you compare and 



do a confidence interval. The p values here are misleading and this is the wrong 

analysis. 

 

Answer: Thank you for the comment. As we answered the question 7, in Table 2 as the 

association test was significant, a Residue analysis was performed, which examines the 

association between categories of variables in a contingency table. The adjusted 

standardized residue (Zres) was used as a measure of association and was considered 

relevant if Zres> |1.96|. In Table 2, the categories that presented residue greater or less 

than 1.96 was mild group, that is, the relevant difference is in this group in relation to 

the others. 

 

Corrected Table 2 is now on the Results, page 134. 

Table 2. Relationship between the degree of cerebral volume reduction on initial 

CT scans and the evolution of the cerebral volume on follow-up CT scans. 

Evolution of cerebral 

volume on follow-up CT 

scans 

Degree of cerebral volume reduction on initial 

CT scans 

p 

 

Normal 

n (%) 

Mild 

n (%) 

Moderate 

n (%) 

Severe 

n (%) 
 

Unchanged 2 (50.0) 4 (80.0) 3 (23.1) 2 (13.3) 0.034 * 

Reduced 2 (50.0) 1 (20.0) 9 (69.2) 13 (86.7)  

Increased 0 (0.0) 0 (0.0) 1 (7.7) 0 (0.0)  

(*) Fisher's Exact Test 

16-* Despite our worries about these things, we agree this may be useful because the 

information is probably the best that’s available at this time. The pictures are fairly 

dramatic. You see things almost completely clearing up. Could it be the virus is gone 

completely, or is this artifactual?  

 

Answer: Thank you for considerations. We agree on the relevance of these findings and 

how it may contribute to the elucidation of the pathophysiology of the disease. The 

images allow easy perception by non-radiologists of the reduction / disappearance of the 

calcifications and changed of the thickness of the cerebral parenchyma.  

This particular behavior of brains alterations favors the role of an enhanced apoptotic 

processes acting on the background of primary neuronal losses and proposes 

conceptually that it may trigger an active microglial clearance of neuronal remnants and 

deposited minerals, taking place on the evolution of the condition. The identification of 

changes in parenchyma thickness, ventricle size and calcifications[2][3] indicates that 

these infants should be followed not only clinically, but also by laboratory tests 

(possibility of persistent viral activity) and by neuroimaging, especially if there are 

signs of disease progression. 

The hyperattenuating foci on CT scans are undoubtedly calcifications. These 

calcifications can also be seen in the CZS patient's brain tissue slide (Figure 10). There 

is no other possibility, not even an artefactual cause. 

 

This information was added on the Conclusion, page 25, paragraph 1: “This particular 

behavior of brains alterations favors the role of an enhanced apoptotic processes acting 

on the background of primary neuronal losses and proposes conceptually that it may 



trigger an active microglial clearance of neuronal remnants and deposited minerals, 

taking place on the evolution of the condition.” 

 

This information was added on the Discussion, page 20, paragraph 1: “The 

identification of changes in parenchyma thickness, ventricle size and 

calcifications[20][22] indicates that these infants should be followed not only clinically, 

but also by laboratory tests (possibility of persistent viral activity) and by neuroimaging, 

especially if there are signs of disease progression.” 

 

 

17-* Could you provide some information about the clinical picture in these children? 

The scans got better but are they clinically better as well? Do these go together? 

Clinicians will want to know.  

 

Answer: Thank you for the questions. The reduction of calcifications does not mean 

clinical improvement, most patients presented a significant reduction of the brain 

volume and increase of the ventricles, including hydrocephalus in some. The clinical 

picture was varied, most of them with severe neurological impairment, with a high 

incidence of epilepsy and feeding disability. 

 

This information was added on the Discussion, page 19, paragraph 23: “The reduction 

of calcifications does not mean clinical improvement, most patients presented a 

significant reduction of the brain volume and increase of the ventricles, including 

hydrocephalus in some. The clinical picture was varied, most of them with severe 

neurological impairment, with a high incidence of epilepsy and feeding disability.” 

 

18-* This paper will need a patient involvement statement that tells whether parents 

were involved in designing the study or not. Can you please also state whether parents 

were thanked? Is there any plan to distribute materials to patients or advocacy groups? 

 

Answer: Thank you for considerations. As we answered in question 2, the person 

responsible for each child signed an informed consent form for the study to be carried 

out. The parents were informed about the image findings evolution, such as brain 

volume and if there was progression to hydrocephaly or not. We work very closely with 

these families and there is always an excellent exchange of information and experience 

aimed at the well-being of children with CZS. 

  



Comments from Reviewers 

 

Reviewer: 1 

 

Recommendation:  

 

Comments: 

Comments for Editor and Author: 

A) Originality: This research on Congenital Zika Syndrome (CZS) makes a 

major contribution to the literature. The authors are nearly all from the first 

epicenter in Recife, Pernambuco, northeast Brazil.  Thus, they have the longest 

followup on the many children born with CZS and understandably have 

performed follow-up head CT scans for the 37 infants in this study and 

compared them to the original head CT scans. This comparison of the CT scans, 

and their interpretation of the diagnostic value based on this comparison, would 

be a major original contribution to what is already known.  

 

(B) Importance: Yes, this work would matter to general readers including 

clinicians, teachers, policymakers. The two main reasons are: (1) the diagnostic 

value of the follow-up CT scans with few or no calcifications despite confirmed 

diagnosis (in 29 of 37 cases) of CZS, and (2) the documentation in nearly all 

cases of continued decrease in brain volume (what the authors also refer to 

as "brain parenchyma"). One or more of the authors from Recife have published 

in BMJ previously on CZS.   

 

(C) Scientific Reliability: The research question is clearly defined and answered. 

The overall design of the study is adequate and participants studied are 

adequately described. The Methods are adequately described. Of note, however, 

are several suggestions: 

 

 19- (1) more emphasis could be placed on the fact that these 37 patients were 

"convenience sampling" (p.2 of 33) and the repeat CT scans were indicated by "clinical 

evolution, which is highly variable" (p. 1 of 33).  

 

Answer: Thank you for the suggestion. The brain image reevaluation was indicated 

when there was clinical suspicion of hydrocephalus and due to nonspecific symptoms, 

such as: onset or increase of seizures, vomiting, irritability, change in head 

circumference percentile. After some time, the risk of developing hydrocephaly in 

patients with CZS became evident, so the group of specialists that followed-up these 

patients decided to proceed with brain image control in some patients who presented 

some degree of ventricular dilatation on initial CT scan. Our co-author and 

neuropediatrician follows up on an outpatient basis about 200 children with CZS, from 

which 20 evolved with marked hydrocephalus and had indication for neurosurgery 

(ventriculoperitoneal shunt). This is new data not yet described in the literature in which 

we are working in parallel. These 37 patients were the first referred to perform an 

unenhanced head follow-up CT scan and we were surprised with the findings, with 

some developing hydrocephalus, even asymptomatic; significant volume reduction of 

brain parenchyma and calcifications. 

We retrieved the images of the initial CT scan of each patient and performed a 

comparative analysis. 



We added the frequency of each clinical indication to perform a follow-up CT scan on 

the main document. 

 

This information was detailed in the Methods, page 6, paragraph 23: “The brain image 

reevaluation was indicated when there was clinical suspicion of hydrocephalus and due 

to nonspecific symptoms, such as: onset or increase of seizures, vomiting, irritability, 

change in head circumference percentile. After some time, the risk of developing 

hydrocephaly in patients with CZS became evident, so the group of specialists that 

followed-up these patients decided to proceed with brain image control in some patients 

who presented some degree of ventricular dilatation on initial CT scan. The most 

frequent symptoms that motivated the request of a follow-up CT were: seizures (26 

patients/ 70,2%), being difficult to control in 11 patients (29,7%); irritability (10 

patients/ 27%); vomiting (8 patients/ 21,6%); worsening of dysphagia (5 patients/ 

13,5%); previous MRI suggestive of hydrocephalus (4 patients/ 10,8%); HC increase (3 

patients/ 8,1%); drowsiness (2 patients/ 5,4%); worsening of hypertonia (1 patient/ 

2,7%) and recurrent respiratory tract infection (1 patient/ 2,7%). We emphasize that 

these symptoms could be associated, being the triad vomiting, irritability and seizures 

that were difficult to control the most common association, present in 9 patients 

(24,3%). These 37 patients were the first referred to perform the control brain image.” 

 

 

20- (2) Thus, the reader could ask whether the nearly uniform follow-up CT scan 

findings (decreased calcifications and decreased cerebral volume) reported in these 37 

patients would occur in infants without clinical evolution.  

 

Answer: Yes. We believe that children that evolved without complications also 

presented similar image findings. 

 

This information was added on the Discussion, page 19, paragraph 34: “In addition, we 

believe that even children who are not yet clinically worsened may also have reduced 

cerebral calcifications and possibly reduced brain volume.” 

 

D) Results: Do answer the research question, are credible, and well-documented in the 

text, tables, and figures. Several suggestions can be offered:  

 

 

21- (1) Possibility Table 4 could be omitted because the results are not statistically 

significant (p = 0.421)  

 

Answer: Thank you for the suggestion. Table 4 has been removed from the main 

document and we added a paragraph describing the findings. 

 

Information was added on the Results, page 145, paragraph 21: “Among 11 patients 

who remained with unchanged cerebral volume on follow-up CT scan, 10 (90.9%) 

presented with diminished calcifications. Among 25 patients who had reduced cerebral 

volume on follow-up CT scan, 23 (92.0%) presented diminished calcifications. And the 

only patient who presented with increased cerebral volume on follow-up CT scan, also 

diminished calcifications. There was no statistically significant association between 

cerebral volume evolution and calcification evolution on follow-up CT scan (p = 

0,421).” 



 

 

22- (2) Also, the Figure 9 flowchart is almost illegible as submitted. Figure 9 does 

provide a very useful summary (when enlarged). 

 

Answer: Thank you for the comment. We hope that the flowchart will be published in 

an adequate size. Also, we accept necessary changes. 

 

 

23- (3) The authors could comment specifically whether "hydrocephalus" was observed 

in the initial or follow-up CT scans. If so, can they comment on the potential 

significance and type, either communicating or non-communicating hydrocephalus. 

 

Answer: We are very grateful for the question. Our co-author and neuropediatrician 

follows on an outpatient basis about 200 children with congenital Zika syndrome 

(CZS), from which about 10% evolved with marked hydrocephalus and had indication 

for neurosurgery (ventriculoperitoneal shunt). This is new data, not yet described in the 

literature, which we are working in parallel in another paper only focusing in 

hydrocephalus. At first, we did not consider any case of hydrocephalus at the initial CT 

of the newborn patients with microcephaly who were investigated for CZS, since the 

ventricular dilation appeared to be compensatory, explained only by the volumetric 

reduction of the cerebral parenchyma (ex vacuo). However, in the authors' experience, 

after observing the clinical progression of some patients for hydrocephalus with 

intracranial hypertension and the need for placement of ventricular shunt, we are 

considering the possibility that the dilation of the ventricular system may, in some 

patients, represent the association of dilation ex vacuo (by reduction of the parenchyma) 

with communicating hydrocephalus.  

Despite the difficulty in distinguishing if ventriculomegaly in these babies is caused by 

dilation ex-vacuo or hydrocephalus or by both (because patients have microcephaly), 

ballooning of the ventricular recess and increase of HC, help to define the diagnosis of 

hydrocephalus.  

To explain the pathophysiology, some authors suggest that vascular phenomena could 

also be involved. Heterogeneous material in the confluence of the sinuses, probably 

corresponding to thrombus, has already been described.[10][20]. As the use of contrast 

is usually not recommended in these infants, the frequency of cerebral venous 

thrombosis is unknown. Nevertheless, we hypothesize that, in CZS, there may exist an 

important damage to the cerebral vascular system, especially in the venous component, 

leading to cerebral venous thrombosis and cerebral venous hypertension during 

intrauterus development and continuing after birth. This could explain the cortico-

subcortical junction calcifications and the development of hydrocephalus in some of the 

infants with CZS[11], and changes in brain parenchyma thickness (reduction in brain 

parenchyma thickness or increase in brain parenchyma thickness, similarly to what 

happens in cerebral venous hypertension of the physiopathology of vein of Galen 

aneurysmal malformations[21]. The confirmation of this vascular hypothesis could lead 

to research for identifying treatment options during pregnancy and after birth, 

improving the prognosis of the infants and the evolution of the disease. The 

identification of changes in parenchyma thickness, ventricle size and 

calcifications[20][22] indicates that these infants should be followed not only clinically, 

but also by laboratory tests (possibility of persistent viral activity) and by neuroimaging, 

especially if there are signs of disease progression. 



Thank you again for the question, today, May 16
th

, 2017, we updated the clinical data of 

these patients and from the 37 patients involved in this study,15 (40,5%) evolved with 

hydrocephalus and had indication for neurosurgery (ventriculoperitoneal shunt). 

 

This information was added on the Discussion, page 19, paragraph 3: “At first, we did 

not consider any case of hydrocephalus at the initial CT of the newborn patients with 

microcephaly who were investigated for CZS, since the ventricular dilation appeared to 

be compensatory, explained only by the volumetric reduction of the cerebral 

parenchyma (ex vacuo). However, in the authors' experience, after observing the 

clinical progression of some patients with hydrocephalus with intracranial hypertension 

and the need for placement of ventricular shunt, we are considering the possibility that 

the dilation of the ventricular system may, in some patients, represent the association of 

dilation ex vacuo (by reduction of the parenchyma) with communicating hydrocephalus. 

Despite the difficulty in distinguishing if ventriculomegaly in these babies is caused by 

hydrocephalus or dilation ex-vacuo or by both (because patients have microcephaly), 

ballooning of the ventricular recess and increase of HC, help to define the diagnosis of 

hydrocephalus. To explain the pathophysiology, some authors suggest that vascular 

phenomena could also be involved. Heterogeneous material in the confluence of the 

sinuses, probably corresponding to thrombus, has already been described.[4][2]. As the 

use of contrast is usually not recommended in these infants, the frequency of cerebral 

venous thrombosis is unknown. Nevertheless, we hypothesize that, in CZS, there may 

exist an important damage to the cerebral vascular system, especially in the venous 

component, leading to cerebral venous thrombosis and cerebral venous hypertension 

during intrauterus development and continuing after birth. This could explain the 

cortico-subcortical junction calcifications and the development of hydrocephalus in 

some of the infants with CZS[1], and changes in brain parenchyma thickness (reduction 

in brain parenchyma thickness or increase in brain parenchyma thickness, similarly to 

what happens in cerebral venous hypertension of the physiopathology of vein of Galen 

aneurysmal malformations[5]. ” 

 

We also added this information on the Results, page 15, paragraph 2: “From the 37 

patients involved in this study, 15 (40,5%) evolved with hydrocephalus and had 

indication for neurosurgery (ventriculoperitoneal shunt).” 

 

 

24- (4) The authors could emphasize even more whether results differed between 

"confirmed" and "probable" cases.  

 

Answer: Thank you for the suggestion. The results do not differ between the probable 

and confirmed cases. In our cases series, the probable cases are quite typical of CZS, 

and are only not confirmed due to having not been submitted to the laboratory tests in a 

timely manner for the serological diagnosis. 

 

This information was added on the Results, page 112, paragraph 1: “The probable cases 

are quite typical of CZS, and are only not confirmed due to having not been submitted 

to the laboratory tests in a timely manner for the serological diagnosis” 

 

 

25- E) Interpretations and Conclusions: The significance of two findings of decrease or 

"vanished" calcifications and the ongoing decrease in cerebral volume are appropriately 



emphasized as having MAJOR diagnostic value in evaluating infants approximately one 

year of age for possible CZS. However, the further speculative (or better 

stated "hypothetical") interpretation by the authors that these two changes represent that 

there is "still viral activity" (as stated in the title, and in the conclusion and abstract) can 

be seen as potential over-interpretation or speculation.  

 

Answer: We are grateful for your comments. We agree that hypothetical persistence of 

virus activity may extrapolate our focus in this study and it was suppressed from title, 

abstract and conclusion. The title was changed to “Follow-up head CT scans on a series 

of 37 children with congenital Zika syndrome” 

 

 

The reason is no data are provided in terms of testing for the Zika virus or the immune 

response, or inflammatory response, to the virus in the infants at or near the time of 

their follow-up head CT scans. The lack of calcifications on the followup CT scans 

means the absence of such calcifications does not rule out the diagnosis of CZS. This 

finding alone is extremely important and a major contribution to our understanding of 

CZS and to the literature of CZS. 

26- Are the authors additionally implying that there is a chronic Zika virus infection in 

the brain of these infants? This would be very important to determine, but beyond the 

scope of this study.  

 

Answer: We thank the reviewer for the relevant comments. Although there is a 

possibility of chronic infection by Zika virus in the CNS, we agree that this hypothesis 

was not tested in our study and we chose to suppress this subject from title, abstract and 

conclusion as suggested above. But we hold this hypothesis in the discussion section 

because we believe this should be studied in the future. 

 

27- Finally, the discussion could be shortened in terms of the discussion about microglia 

and calcifications. 

 

Answer: Thank you for the suggestion. We shortened the discussion about microglia 

and calcifications. 

 

 

(F) The references are up-to-date and without glaring omissions.  

Formatted: Highlight

Formatted: Highlight



Reviewer: 2 

 

Recommendation:  

 

Comments: 

Thank you for asking me to review this very interesting manuscript in which the authors 

present following cross-sectional CT imaging of infants with probable or confirmed 

congenital ZIKA infection. They report that follow-up imaging demonstrated vanishing 

or decreasing number of subcortical calcifications in the brains of these infants. There is 

also increased ventriculomegaly that they conclude may represent continued or ongoing 

loss of brain matter. 

Strength: 

I think that the manuscript is well written and presents an interesting and surprising 

finding, if true. The authors offer an intriguing hypothesis as to the underlying 

histologic basis for the “vanishing” calcifications that is grounded in prior published 

work that point to the mechanism of brain injury following ZIKA infection, namely that 

the infection triggers cell death via apoptosis with increased macrophage and microglial 

activity that clears out the dead cells. The authors hypothesize that this mechanism of 

increased microglial activity may explain the apparent decrease in calcifications noted 

on the follow-up scans in these children who have probable and confirmed congenital 

ZIKA infection. This would make the behavior of congenital ZIKA infection vastly 

different from all of the other congenital TORCH infections where the calcifications are 

permanent and stable over multiple years of imaging.  

Because of the importance of these implications, I would like to ensure that the imaging 

unequivocally support the authors’ claims. Currently, the authors provide no detailed 

information regarding the imaging acquisition techniques used to acquire the initial and 

more importantly the follow-up scans. The make a general statement on pg 2 lines 51, 

53 that the “The initial CT scans were acquired in different radiology centers and with 

different CT equipment, but these scanners had similar technical capabilities”. 

   

WEAKNESSES:  

More information about the Vendor, acquisition parameters, coregistration of images, 

Signal to noise and contrast to noise ratios, whether or not there was contrast 

administration are needed and needs to be included in the METHODS section as 

differences in these metrics can alter the presentation of imaging findings.  

Acquisition Parameters missing: 

 

28- 1.    What are the specific imaging acquisition parameters used in acquiring these 

images? 

 

Answer: All scans done at Barão de Lucena Hospital were performed in a Philips 

Brilliance 6 slice CT. We used a nonenhanced low-dose head CT protocol specific for 

children, promoting less ionizing radiation exposure. Patients were placed supine, head 

first into the gantry, with the head in the head-holder. Table height was defined when 

external auditory meatus (EAM) was at the center of the gantry. The gantry was not 

angled. The images were acquired from foramen magnum through top of calvarium 

with 300 mAs, 90 kVp and 3mm of thickness. 

 

This information is now detailed on the Methods, page 8, paragraph 4: “All scans done 

at Barão de Lucena Hospital were performed in a Philips Brilliance 6 slice CT. We used 



a nonenhanced low-dose head CT protocol specific for children, promoting less ionizing 

radiation exposure. Patients were placed supine, head first into the gantry, with the head 

in the head-holder. Table height was defined when external auditory meatus (EAM) was 

at the center of the gantry. The gantry was not angled. The images were acquired from 

foramen magnum through top of calvarium with 300 mAs, 90 kVp and 3mm of 

thickness.” 

 

  

29- 2.    What was the mAS, the kVP, the slice thickness? 

 

Answer: 300 mAs, 90 kVp and 3mm of thickness.  

 

This information is now detailed on the Methods, page 9, paragraph 1 

 

 

30- 3.    Were the images overlapping? How many slice detectors did the scanner(s) 

have?  

 

Answer: Athough the initial CT scans (during outbreak) were carried out in different 

equipment, all images were saved and retrieved in the form of CD containing DICOM 

images and were carefully analyzed and compared by trained physicians in a 

workstation, where there are tools for window adjustment, slice thickness and planes. 

We compared the initial CT and the follow-up CT side by side and applied the same 

parameters in both, to minimize the variations. Slice detectors varied from 6 to 64 on 

initial CT scan. 

 

This information is on the Methods, page 8, paragraph 4: “The initial CT scans were 

performed during the outbreak in different radiology centers and with different CT 

equipment (slice detectors varying from 6 to 64 on initial CT scan)…” 

 

 

31- 4.    Did the use iterative reconstruction kernels (such as in Dual energy CT 

scanners).  

 

Answer: No. We don’t have this technology in our city.  

 

 

32- 5.    Was the gantry angled? If so, what was the degree of angulation? 

 

Answer: The gantry was not angled in any CT scan. 

 

This information is now detailed on the Methods, page 9, paragraph 1: “The gantry was 

not angled.” 

 

 

 

 

 

 

 



33- 6.    Were the same acquisition parameters used for the subsequent scan for each 

patient. 

 

Answer: We used the same parameters in 28 patients who performed follow-up CT 

scans at Barão de Lucena Hospital. The initial CT scans were performed during the 

outbreak in different radiology centers and with different CT equipment, making it 

impossible to standardize, but these scanners had similar technical capabilities. 

 

This information is now detailed on the Methods, page 8, paragraph 4: “The initial CT 

scans were performed during the outbreak in different radiology centers and with 

different CT equipment (slice detectors varying from 6 to 64 on initial CT scan), 

making it impossible to standardize, but these scanners had similar technical 

capabilities. 

This information is now detailed on the Methods, page 9, paragraph 2: “All images 

were retrieved in the form of CD containing DICOM images and were carefully 

analyzed and compared by trained physicians in a workstation, where there are tools for 

window level adjustment, slice thickness and planes.” 

 

This information was added on the Results, page 112, paragraph 3: “From 37 patients, 

28 patients  performed follow-up CT scans at Barão de Lucena Hospital with the same 

parameters for all patients. Nine patients were scanned on the same scanner in initial 

and follow-up CT.” 

 

34- 7.    Were the patients scanned on the same scanners used for the follow-up scan.  

 

Answer: Not all. Nine patients were scanned on the same scanner in initial and follow-

up CT. 

 

This information was added on the Results, page 112, paragraph 3: “Nine patients were 

scanned on the same scanner in initial and follow-up CT.” 

 

35- 8.    Different Vendor CT scanners produce images with different degrees of signal 

to noise ratios and contrast to noise ratios.  Were these controlled in initial and follow-

up scans (see figure 5 initial and follow-up scans) 

 

Answer: Thank you for the comment. We would like to emphasize that the initial part of 

our study did not beginning as prospective project, but we study an outbreak of 

microcephaly, initially of unknown cause, which the initial CT scans purpose was to 

detect the affected newborns. The children were born in several maternities of our State 

and the initial CT scans were performed in different image centers, according to the 

location of the newborn, remembering that there was a research protocol to be followed 

that was adopted in the various imaging services. It was not possible to standardize 

imaging acquisition during the outbreak. Most follow-up CT scans (28/37) were 

performed at the Barão de Lucena Hospital (where 5 of authors worked) with the same 

parameters for all patients. 

 

This information was added on the Discussion, page 156, paragraph 21: “We would like 

to emphasize that the initial part of our study did not beginning as prospective project, 



but we study an outbreak of microcephaly, initially of unknown cause, which the initial 

CT scans purpose was to detect the affected newborns. The children were born in 

several maternities of our State and the initial CT scans were performed in different 

image centers, according to the location of the newborn, remembering that there was a 

research protocol to be followed that was adopted in the various imaging services. It 

was not possible to standardize imaging acquisition during the outbreak.” 

 

 

Patient positioning missing: 

Differences in patient head positioning can alter the presentation of lesions on head CT. 

Were patients’ follow-up scan co-registered to the initial scan in order to ensure same 

alignment of the brain on initial and follow-up images.  Several of the images included 

in the manuscript demonstrate that they may not be aligned. Therefore, the slice position 

is not the same. This can affect the appearance of findings on initial and subsequent 

scans (sometimes dramatically).  

This issue is best noted on page 26 figure 5 (C vs F). We see in image F the inferior 

margins of the ethmoidal air cells and we do not see the nasopharynx whereas in C the 

nasopharynx is very clearly seen, suggesting either that the head position is different or 

that the slice selection is different, may be due to difference in slice thickness etc, in the 

two images being compared.   

The authors argue that in Table 2 that in comparison the initial scan 1 infant actually 

had an increase in brain matter on subsequent imaging. This would be quite usual for 

there to be an increase in brain matter that did not exist on the initial scan. However, 

this apparent finding can magically occur if the two scans being compared were 

acquired with different head positioning angulation. Again, this points out the 

importance of co-registering the initial and follow-up scans. 

 

Comment on the Ddiscussion, page 15, paragraph 2: “We would like to emphasize that 

the initial part of our study did not beginning as a prospective project, but we study an 

outbreak of microcephaly, initially of unknown cause, which the initial CT scans 

purpose was to detect the affected newborns. The children were born in several 

maternities of our State and the initial CT scans were performed in different image 

centers, according to the location of the newborn, remembering that there was a 

research protocol to be followed that was adopted in the various imaging services.  

It was not possible to standardize imaging acquisition during the outbreak.” But we 

assure that each patient had all initial and follow-up CT images carefully analyzed and 

compared by trained physicians. 

 

This information is detailed on the Methods, page 8, paragraph 4: “The initial CT scans 

were performed during the outbreak in different radiology centers and with different CT 

equipment, making it impossible to standardize, but these scanners had similar technical 

capabilities. All scans done at Barão de Lucena Hospital were in a Philips Brilliance 6 

slice CT. We used a nonenhanced low-dose head CT protocol specific for children, 

promoting less ionizing radiation exposure. Patients were placed supine, head first into 

the gantry, with the head in the head-holder. Table height was defined when external 

auditory meatus (EAM) was at the center of the gantry. The gantry was not angled. The 

images were acquired from foramen magnum through top of calvarium with 300 mAs, 

90 kVp and 3mm of thickness. 

All images were retrieved in the form of CD containing DICOM images and were 

carefully analyzed and compared by trained physicians in a workstation, where there are 
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tools for window level adjustment, slice thickness and planes. We compared the initial 

CT scans and the follow-up CT scan side by side and applied the same parameters in 

both, minimizing the variations. Due to cranial deformity that some newborns presented 

on initial CT scans and the movement of some patients on follow-up CT scans (because 

we avoided sedation in most patients) there were minimal variations in the images 

shown, but they did not compromise the perception of calcifications and thickness of 

the cerebral parenchyma.” 

 

 

Contrast Administration: 

This needs to be clarified. 

 

36- Was contrast administered for these scans? 

 

Answer: No. None CT scan was done with venous contrast. 

  

 

Some of the images appear to be contrast enhanced since there is opacification in the 

posterior margins of the superior sagittal sinus in A, the inter-cerebral veins in B and 

right sigmoid sinus in C. These vascular structures are not opacified in the follow-up 

scans (see Figure 4 on page 25 images A, B, C versus follow-up scans D, E and F). A 

similar findings of vascular structure enhancement is noted for figure 5 on pg 26. This 

technical difference in initial and follow-up scan contrast administration introduces a 

very important confounding variable here: 1) lesions that are present on contrast 

enhancement but that are not visualized on noncontrast enhanced scan  usually indicate 

the presence of an enhancing lesion as opposed to a calcific one. 2) If both scans were 

acquired following contrast administration, then there is a significant difference in bolus 

timing which can alter the presentation of lesions.  

37- This needs to be clarified. 

 

Answer: We thank you for your pertinent comments because this alerted us to clarify 

that question: none CT scan was done with venous contrast, not initial or follow-up CT 

scans. All the CT scans were done according to the protocol dictated by the Brazilian 

Ministry of Health for the investigation of congenital microcephaly during the Zika 

outbreak that began in 2015 and guided the performance of unenhanced head CT. No 

venous contrast was also administered at any follow-up CT scan, as the main indication 

for imaging re-evaluation was hydrocephalus and intracranial hypertension, which did 

not require contrast for diagnosis. Veins and venous sinus hyperattenuating at initial CT 

in neonates could be explained by physiological hemoconcentration which is 

exacerbated by the fact that immature brain of the children is darker.  Because we have 

not used venous contrast, we cannot rule out the possibility that hyperattenuation of 

vessels may represent thrombosis, since it was reported by Aragao et al. (9) and Soares 

de Oliveitra-Szejnfeld (10). 

Above we provide more images from the same patients from figure 4 and 5 to 

demonstrate that there is not IV contrast. 



 Same patient from figure 4, showed no opacification of 

cortical veins on initial CT scan. 

 

 Same patient from figure 5, showed no opacification of 

Willis polygon or choroid plexus on initial CT scan. 

 

This information is detailed on the Discussion, page 20, paragraph 2: “No venous 

contrast was also administered at any follow-up CT scan, as the main indication for 

imaging re-evaluation was hydrocephalus and intracranial hypertension, which did not 

require contrast for diagnosis. Veins and venous sinus hyperattenuating at initial CT in 

neonates could be explained by physiological hemoconcentration which is exacerbated 

by the fact that immature brain of the children is darker.  Because we have not used 

venous contrast, we cannot rule out the possibility that hyperattenuation of vessels may 

represent thrombosis, since it was reported by Aragao et al. (9) and Soares de Oliveitra-

Szejnfeld (10).” 

 

 

 

38- Differences in Ventricular size: 

See figure 5, there is marked increased ventriculomegaly on the follow-up scans 

compared to the initial scans.  Are the patients developing communicating 

hydrocephalus or is this increased degree of ventriculomegaly the result of continued 

loss of brain matter. 

 

Answer: Very good question and observation. In some children of this study (Figure 5 

and 7) we agree with you that there appears to be a globular enlargement of the 

ventricles that may suggest the onset of hydrocephalus. In these, the possibility of a 

hydrocephalus occurring in some patients determining the reduction of the cerebral 

parenchyma exists and we included this fact on the discussion. In our current study, we 

want to draw the attention of the scientific community that CZS may be a disease in 



progress. Several hypotheses and possibilities can contribute to this alone or associated, 

being the main hypotheses: (a) initial hydrocephalus leading to increase of the ventricles 

and reduction of the parenchyma and, consequently, reduction of calcifications (b) 

persistent viral activity determining the greatest damage of the parenchyma, cerebral 

volume reduction and ventriculomegaly, without cerebrospinal fluid hypertension.  

Our co-author and neuropediatrician follows on an outpatient basis about 200 children 

with congenital Zika syndrome (CZS), which about 10% evolved with marked 

hydrocephalus and had indication for neurosurgery (ventriculoperitoneal shunt). This is 

a new data, not yet described in the literature, in which we are working in parallel in 

another paper only focusing in hydrocephalus. At first, we did not consider any case of 

hydrocephalus at the initial CT from the newborns patients with microcephaly who 

were investigated for CZS, since the ventricular dilation appeared to be compensatory, 

explained only by the volumetric reduction of the cerebral parenchyma (ex vacuo). 

However, in the authors' experience, after observing the clinical progression of some 

patients for hydrocephalus with intracranial hypertension and the need for placement of 

ventricular shunt, we are considering the possibility that the dilation of the ventricular 

system may, in some patients, represent the association of dilation ex vacuo (by 

reduction of the parenchyma) with communicating hydrocephalus.  

Despite the difficulty in distinguishing if ventriculomegaly in these babies is caused by 

hydrocephalus or dilation ex-vacuo or by both (because patients have microcephaly), 

ballooning of the ventricular recess and increase of HC, help to define the diagnosis of 

hydrocephalus.  

Besides that, some authors suggest that vascular phenomena could also be involved in 

the pathophysiology. Heterogeneous material in the confluence of the sinuses, probably 

corresponding to thrombus, has already been described.[4][2]. As the use of contrast is 

usually not recommended in infants, the frequency of cerebral venous thrombosis is 

unknown. Nevertheless, we hypothesize that, in CZS, there may exist an important 

damage to the cerebral vascular system, especially in the venous component, leading to 

cerebral venous thrombosis and cerebral venous hypertension during intrauterus 

development and continuing after birth. This could explain the cortico-subcortical 

junction calcifications and the development of hydrocephalus in some of the infants 

with CZS[1], and changes in brain parenchyma thickness (reduction in brain 

parenchyma thickness or increase in brain parenchyma thickness, similarly to what 

happens in cerebral venous hypertension of the physiopathology of vein of Galen 

aneurysmal malformations[5]. The confirmation of this vascular hypothesis could lead 

to research for identifying treatment options during pregnancy and after birth, 

improving the prognosis of the infants and the evolution of the disease. The 

identification of changes in parenchyma thickness, ventricle size and 

calcifications[2][3] indicates that these infants should be followed not only clinically, 

but also by laboratory tests (possibility of persistent viral activity) and by neuroimaging, 

especially if there are signs of disease progression. 

 

This information was added on the Discussion, page 19, paragraph 3: “At first, we did 

not consider any case of hydrocephalus at the initial CT of the newborn patients with 

microcephaly who were investigated for CZS, since the ventricular dilation appeared to 

be compensatory, explained only by the volumetric reduction of the cerebral 

parenchyma (ex vacuo). However, in the authors' experience, after observing the 

clinical progression of some patients with hydrocephalus with intracranial hypertension 

and the need for placement of ventricular shunt, we are considering the possibility that 

the dilation of the ventricular system may, in some patients, represent the association of 



dilation ex vacuo (by reduction of the parenchyma) with communicating hydrocephalus. 

Despite the difficulty in distinguishing if ventriculomegaly in these babies is caused by 

hydrocephalus or dilation ex-vacuo or by both (because patients have microcephaly), 

ballooning of the ventricular recess and increase of HC, help to define the diagnosis of 

hydrocephalus. To explain the pathophysiology, some authors suggest that vascular 

phenomena could also be involved. Heterogeneous material in the confluence of the 

sinuses, probably corresponding to thrombus, has already been described.[4][2]. As the 

use of contrast is usually not recommended in these infants, the frequency of cerebral 

venous thrombosis is unknown. Nevertheless, we hypothesize that, in CZS, there may 

exist an important damage to the cerebral vascular system, especially in the venous 

component, leading to cerebral venous thrombosis and cerebral venous hypertension 

during intrauterus development and continuing after birth. This could explain the 

cortico-subcortical junction calcifications and the development of hydrocephalus in 

some of the infants with CZS[1], and changes in brain parenchyma thickness (reduction 

in brain parenchyma thickness or increase in brain parenchyma thickness, similarly to 

what happens in cerebral venous hypertension of the physiopathology of vein of Galen 

aneurysmal malformations[5]. The confirmation of this vascular hypothesis could lead 

to research for identifying treatment options during pregnancy and after birth, 

improving the prognosis of the infants and the evolution of the disease. The 

identification of changes in parenchyma thickness, ventricle size and 

calcifications[2][3] indicates that these infants should be followed not only clinically, 

but also by laboratory tests (possibility of persistent viral activity) and by neuroimaging, 

especially if there are signs of disease progression. From the 37 patients involved in this 

study, 15 (40,5%) evolved with hydrocephalus and had indication for neurosurgery 

(ventriculoperitoneal shunt). 

No venous contrast was also administered at any follow-up CT scan, as the main 

indication for imaging re-evaluation was hydrocephalus and intracranial hypertension, 

which did not require contrast for diagnosis. Veins and venous sinus hyperattenuating at 

initial CT in neonates could be explained by physiological hemoconcentration which is 

exacerbated by the fact that immature brain of the children is darker.  Because we have 

not used venous contrast, we cannot rule out the possibility that hyperattenuation of 

vessels may represent thrombosis, since it was reported by Aragao et al. (9) and Soares 

de Oliveitra-Szejnfeld (10). 

For this reason, we hypothesized that chronic venous hypertension could explain the 

progression to hydrocephalus, the reduction of brain thickness and also could explain 

the case described here, which showed increased cerebral thickness and reduced 

ventricular size, similarly what happens in vein of Galen aneurysmal malformations.” 

 

We also added this information on the Results, page 15, paragraph 2: “From the 37 

patients involved in this study, 15 (40,5%) evolved with hydrocephalus and had 

indication for neurosurgery (ventriculoperitoneal shunt).” 

 

 

CONCLUSION: 

As I mentioned above, I think that if the findings are true then the findings described in 

this manuscript would be very important. However, I need more information  in order to 

mitigate some of the very important confounding imaging variables described above. 

For this reason, I think that the manuscript should be resubmitted with major revision.  
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General comment 

 

The authors propose to the BMJ as a Research article the long-term follow-up study of 

CT scans of a cases series of 37 children with congenital Zika syndrome issued from the 

Recife’s cohort, one of the best documented cohort of children affected by the 

consequences of congenital Zika virus infection. The data are original and expected 

given the great interest of scientific community on the long-term outcomes of these 

children. Consequently, this submission has urged editors to hasten the peer-review 

process through fast track. The paper is well-written and deserve publication. These 

things being said, I propose however major and minor revisions among which the 

critical point to revise is the statistical analysis which could be appropriate for 

independent observations but this is not the case here. Longitudinal data must be treated 

with statistics for paired series whenever possible (For example, in table 1, Mac Nemar 

tests on discordant pairs rather than Chi square tests) allowing to account for intra-

individual correlations. 

 

Major compulsory revisions 

Methods. 

 

39- Page 3. At the end of the method section, specify the appropriate statistic tests be 

used to account for intra-individual correlations observed with longitudinal data (the 

outcome status depends of baseline status, these are not independent observations for 

using statistical tests for independent data). 

The statistics are flawed and must be repaired with appropriate test for paired data. 

 

Answer: The description of the statistical tests was adjusted and the tests for paired data 

were included. 

 

The analysis plan was added on the Methods, on page 101, paragraph 43: “For the 

statistical analysis, the software SPSS 21.0 (Statistical Package for the Social Sciences) 

for Windows and Excel 2010 were used. McNemar test for paired data was applied to 

study the behavior of results of initial CT scan with the follow-up CT scan. Fisher's 

exact test was used to analyze the association of qualitative variables. Additional 

analyses included a residue analysis, which examines the association between categories 

of variables in a contingency table. Results were considered statistically significant 

when p < 0.05.” 

 

 

 



Results. 

40- Information should be given on the timing of maternal infection (feta gestational 

age at exposure).  

 

Answer: Thank you for your suggestion. Although the timing of maternal infection was 

not our study objective because we already know that the diagnosis of Zika virus 

infection is complicated by the fact that it is asymptomatic in up to 80% of infections 

(Duffy MR, Chen TH, Hancock WT, et al. Zika virus outbreak on Yap Island, Federated 

States of Micronesia. N Engl J Med 2009; 360(24):2536–2543). However, we provide a 

table below with this data. We have this information from 36 patients of which 25 

mothers (69.4%) reported rash between 2 and 6 months of gestation, being 18 (50.0%) 

in the first trimester. Let us know if is necessary to include this table in main document. 

 

This information was resumed and added on the Results, page 11, paragraph 1: “We 

have the information about timing maternal infection from 36 patients, of which 25 

mothers (69.4%) reported rash between 2 and 6 months of gestation, being 18 (50.0%) 

in the first trimester.” 
PATIENT MOTHER´S HISTORY OF RASH 

DURING GESTATION 

GESTATIONAL AGE IN 

MONTHS 

1 Yes 3m 

2 Yes 2m 

3 Yes 5m 

4 Yes 4m 

5 Yes 2m 

6 No - 

7 No - 

8 Yes 4m 

9 No - 

10 Yes 3m 

11 Yes 6m 

12 Yes 2m 

13 Yes 2m 

14 Yes 3m 

15 No - 

16 No - 

17 Yes 3m 

18 No - 

19 No - 

20 No - 

21 Yes 3m 

22 No - 

23 Yes 3m 

24 No - 

25 Yes 3m 

26 Yes 4m 

27 Yes 2m 

28 Yes 4m 

29 No - 

30 Yes 3m 

31 Yes 2m 

32 Yes 3m 

33 Yes 3m 

34 Yes 4m 

35 Yes 3m 

36 Without information Without information 

37 Yes 3m 



41- Page 5. Table 1. Chi square and Fisher tests for independent data are inappropriate, 

use Mac Nemar tests on discordant pairs (it is mandatory if discordant pairs are > 10). 

Table 1.  

 

Cerebral lobes    Computed tomography (CT)    Chi-square or 

or Fisher tests 

P values    Mac Nemar 

tests 

P values 

    Initial    Follow-up         

    n (%)    n (%)         

Frontal                 

Yes    35 (100)    33 (94.3)    0,493 *    Use Mac Nemar 

Test 

No    0 (0)    2 (5.7)         

Parietal                 

Yes    28 (80.0)    19 (54.3)    0,022 **    Use Mac Nemar 

Test 

No    7 (20.0)    16 (45.7)         

Temporal                 

Yes    22 (62.9)    21 (60.0)    0,806 **    Use Mac Nemar 

Test 

No    13 (37.1)    14 (40.0)         

Occipital                 

Yes    21 (60.0)    12 (34.3)    0,031 **    Use Mac Nemar 

Test 

No    14 (40.0)    23 (65.7)         

(*) Fisher’s exact test (**) Chi square test 

 

Answer: Table 1 was corrected by applying the McNemar test to compare paired data, 

as well as a comparison of initial CT scans with and follow-up CT scans for the variable 

cortical-subcortical junction, thalamus, brainstem, ganglia, cerebellum and 

periventricular area. 

 

Corrected Table 1, on the Results, page 123. 

Table 1. Distribution of the cortical-subcortical junction calcifications in the 

cerebral lobes on initial and on follow-up CT scans. 

 Computed Tomography (CT)  

Cerebral lobes Initial Follow-up P 

 n (%) n (%) McNemar test 

Frontal    

Yes 35 (100.0) 33 (94.3) 0.999 

No 0 (0.0) 2 (5.7)  

Parietal    

Yes 28 (80.0) 19 (54.3) 0.004* 

No 7 (20.0) 16 (45.7)  

Temporal    

Yes 22 (62.9) 21 (60.0) 0.999 



No 13 (37.1) 14 (40.0)  

Occipital    

Yes 21 (60.0) 12 (34.3) 0.004* 

No 14 (40.0) 23 (65.7)  

(*) p < 0,05 

 

 

42- Page 5. Lines 47 to 54. “The greater the reduction of cerebral volume in the initial 

CT scan, the greater the parenchyma reduction on follow-up CT scan” may be fair and 

expected. I will temper this statement given it is based on subjective assessment without 

adequate parenchyma brain volume evaluation. I would support this finding with 

appropriate data on head circumference evolution. 

 

Answer: Thank you for the comment. A new statistical analysis was performed and we 

had to review this statement. In Table 2 as the association test was significant, a Residue 

analysis was performed, which examines the association between categories of variables 

in a contingency table. The adjusted standardized residue (Zres) was used as a measure 

of association and was considered relevant if Zres> |1.96|. In Table 2, the categories that 

presented residue greater or less than 1.96 was mild group, that is, the relevant 

difference is in this group in relation to the others. There was a statistically significant 

association between the cerebral volume on initial CT scan and the evolution of this 

volume on follow-up CT scan (p = 0.034); the group of patients with mild reduction of 

cerebral volume on initial CT scan was which presented a different behavior (Zres > 

|1.96|, with the most keeping cerebral volume unchanged. Most of patients in the group 
with moderate and severe reduction of cerebral volume on initial CT scan evolved with 

reduce of cerebral volume on follow-up CT scan. 

Patients with normal brain volume were also added to the table 2, as suggested in 

question 7 by the committee meeting. 

 

This information is now on the Results, page 13, paragraph 1:This information is now 

on the Results, page 13, paragraph 1: “There was a statistically significant association 

between the cerebral volume on initial CT scan and the evolution of this volume on 

follow-up CT scan (p = 0.034); the group of patients with mild reduction of cerebral 

volume on initial CT scan was which presented a different behavior (Zres > |1.96|, with 

the most keeping cerebral volume unchanged. Most of patients in the group with 

moderate and severe reduction of cerebral volume on initial CT scan evolved with 

reduce of cerebral volume on follow-up CT scan.” 

 

This information was added on the Discussion, page 17, paragraph 3: Regarding the 

evolution of the cerebral volume on follow-up CT scans, there was a statistically 

significant association with the cerebral volume on the initial CT scan. There was a 

statistically significant association between the cerebral volume on initial CT scan and 

the evolution of this volume on follow-up CT scan (p = 0.034); the group of patients 

with mild reduction of cerebral volume on initial CT scan was which presented a 

different behavior (Zres > |1.96|, with the most keeping cerebral volume unchanged. 
Most of patients in the group with moderate and severe reduction of cerebral volume on 

initial CT scan evolved with reduce of cerebral volume on follow-up CT scan. 
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Corrected Table 2, Results, page 134. 

Table 2. Relationship between the degree of cerebral volume reduction on initial 

CT scans and the evolution of the cerebral volume on follow-up CT scans. 

Evolution of cerebral 

volume on follow-up CT 

scans 

Degree of cerebral volume reduction on initial 

CT scans 

p 

 

Normal 

n (%) 

Mild 

n (%) 

Moderate 

n (%) 

Severe 

n (%) 
 

Unchanged 2 (50.0) 4 (80.0) 3 (23.1) 2 (13.3) 0.034 * 

Reduced 2 (50.0) 1 (20.0) 9 (69.2) 13 (86.7)  

Increased 0 (0.0) 0 (0.0) 1 (7.7) 0 (0.0)  

(*) Fisher's Exact Test 

 

 

About the subjective brain volume evaluation, as far as we know, there is not software 

to calculate cerebral volume on CT. We did image comparison side by side using some 

anatomical points as parameters, being the main: thickness of cerebral lobes, size of 

ventricles, extra-axial space, Sylvian fissure and cisterns basal.  

 

The suggestion of correlate data of degree of cerebral volume reduction with head 

circumference evolution was not the purpose of this study to carry out a clinical 

description, this will be published later. We have reviewed the literature and we did not 

found a description of such an important reduction of brain volume and calcifications.  

 

43- Page 6. Lines 23 to 31. It is written page 4 lines 12 to 14 that microcephaly was 

observed at birth in 35 out of 37 children, but it is also written here that 4 patients were 

“with normal cerebral volume on initial CT scan”. How 2 children can have normal 

cerebral volume on initial CT scan and primary microcephaly? 

 

Answer: Thank you for the observation. Two male newborns had 33cm of HC at birth 

and were included in initial investigation microcephaly protocol by Ministry of Health 

of Brazil which initially had a cut off value of ≤ 33cm, independent of gestational age 

and sex. However, posteriorly, according to the WHO, microcephaly is defined when 

the HC at birth is two standard deviations below the mean for gestational age and sex. 

So, despite these children were investigated for CZS, they had a normal HC for their 

gestational age and sex and normal tomographic appearance of cerebral volume. 

 

This information is now on the Results, page 134, paragraph 21: “Two male patients 

had 33cm of HC at birth and were included in initial investigation microcephaly 

protocol by Ministry of Health of Brazil which initially had a cut off value of ≤ 33cm, 

independent of gestational age and sex. However, posteriorly, according to the WHO, 

microcephaly is defined when the HC at birth is two standard deviations below the 

mean for gestational age and sex. So, despite these children were investigated for CZS, 

they had a normal HC for their gestational age and sex and normal tomographic 

appearance of cerebral volume.” 

 



 

Discussion. 

44- Page 8. Calcifications are deemed an indicator of viral infection of the CNS. 

Recapitulate in the first paragraph for non-specialists a few references demonstrating 

that calcifications are regularly of viral origin as well as their other aetiologies. 

 

Answer: Thank you for the suggestion. Certain classes of pathogens have a predilection 

for particular anatomic regions, and the imaging findings subsequently may be 

predictive of the infectious agent. For example, herpes simplex virus (HSV) is well 

known to preferentially affect the temporal and frontal lobes, fungal infections often 

involve the central gray matter, Haemophilus influenzae is seen to predominantly affect 

the subcortical regions, and cytomegalovirus (CMV) typically spares the subcortical U-

fibers while affecting the remainder of the cerebral white matter.” These preferential 

tissue involvements are helpful when faced with an imaging study in which many of the 

findings may be nonspecific. Frequently, the imaging patterns associated with the 

infectious agents are a result of the method through which that agent gains access to the 

CNS. 

 

This information was added on the Discussion, page 223, paragraph 32: “Indeed, it is 

important to recognize that, the pathological findings described in disorders associated 

with congenital intracerebral calcification do not allow for a unifying pathogenic 

hypothesis to be proposed. There is a relative paucity of paediatric neuropathology data 

on this matter.[6][7] We perceive lack of literature about image follow-up study in other 

congenital infections, so we cannot compare. Besides, STORCH agents related to 

microcephaly are diverse, including different category of invaders as a coccidian 

protozoan parasite the Toxoplama gondii, a bacterial agent, the Treponema pallidum, 

and viral agents, Cytomegalovirus and Herpes simplex (members of herpsviridae 

family). Naturally, similarities between Zika pattern of calcification and those of 

congenital Toxoplama gondi infection share the biological behaviour of their agents on 

modulating apoptosis in hosts cells [8],  for example the ability of Toxoplasma gondii to 

survive intracellularly largely depends on the blocking of different proapoptotic 

signalling cascades of the host cells. [9][10] Besides, Pseudo-TORCH conditions 

associated with brain calcifications may share non-inflammatory reaction patterns in 

microcephaly as suggest in here for CZS microcephaly.[11] The similar 

neuropathological changes associated with these conditions suggests a final common 

pathway in these entities. ”  

 

45- Page 8. Lines 36 to 41. It is written that cortico-subcortical calcifications vanished 

in one child and diminished in 34 other children, while calcifications persisted in the 

basal ganglia cerebellum. Discuss the possibility of non-viral origin for persistent 

calcifications (thrombo-vascular origin?) 

 

Answer: Thank you very much for the comment and for your question. After we sent 

the article we also started to think about this vascular possibility and more than arterial, 

we are thinking of being a disease mainly of the venous system. We are more 

comfortable because we are not alone with this idea of vascular cause. (Teixeira S, 

Neuroimaging findings on the congenital Zika virus outbreak in Brazil: the value of 

ultrasonography as a screening tool. Oral presentation at American Society of 

Neuroradiology 55
TH

 Annual Meeting. April 22-27, 2017. Long Beach, California) 



“The location of the calcifications at the gray matter–white matter junction could 

suggest a vascular component to the infection, as other processes that preferentially 

affect the gray matter–white matter junction have been posited to be due to changes in 

arterial configuration from straight vessels in the cortex to coiled vessels in the 

subcortical white matter” (Nonaka H, Akima M, Hatori T, Nagayama T, Zhang Z, Ihara 

F. The microvasculature of the cerebral white matter: arteries of the subcortical white 

matter. J Neuropathol Exp Neurol 2003;62(2):154–161) 

 

This information was added on the Discussion, page 19, paragraph 3: “ To explain the 

pathophysiology, “…some authors suggest that vascular phenomena could also be 

involved in the pathophysiology. Heterogeneous material in the confluence of the 

sinuses, probably corresponding to thrombus, has already been described.[4][15]. As the 

use of contrast is usually not recommended in these infants, the frequency of cerebral 

venous thrombosis is unknown. Nevertheless, we hypothesize that, in CZS, there may 

exist an important damage to the cerebral vascular system, especially in the venous 

component, leading to cerebral venous thrombosis and cerebral venous hypertension 

during intrauterus development and continuing after birth. This could explain the 

cortico-subcortical junction calcifications and the development of hydrocephalus in 

some of the infants with CZS[1], and changes in brain parenchyma thickness (reduction 

in brain parenchyma thickness or increase in brain parenchyma thickness, similarly to 

what happens in cerebral venous hypertension of the physiopathology of vein of Galen 

aneurysmal malformations[5]. The confirmation of this vascular hypothesis could lead 

to research for identifying treatment options during pregnancy and after birth, 

improving the prognosis of the infants and the evolution of the disease. The 

identification of changes in parenchyma thickness, ventricle size and 

calcifications[2][3] indicates that these infants should be followed not only clinically, 

but also by laboratory tests (possibility of persistent viral activity) and by neuroimaging, 

especially if there are signs of disease progression.”  

 

 

 

Minor compulsory revisions 

Methods. 

 

46- Page 2. Lines 6 to 8. Recall definition of congenital Zika syndrome (CZS) used by 

the Brazilian Ministry of Health to allow further comparisons with consensual 

definition (Moore CA et al, JAMA Pediatr 2017). 

 

Answer: All patients with the clinical pictures typical described by Moore et al (13), 

some of them were possible to confirmed by positive IgM-antibody capture enzyme-

linked immunosorbent assay (MAC-ELISA) for ZIKV, other cases it was not collected 

at correct time, because after some months the test could became negative and it does 

not exclude the diagnosis that is based on clinical pictures, including brain image and 

exclusion of other causes of congenital infections. 

 

This information was added to the Methods, page 7, paragraph 4: “All patients with the 

clinical pictures typical described by Moore et al (13), some of them were possible to 

confirmed by positive IgM-antibody capture enzyme-linked immunosorbent assay 

(MAC-ELISA) for ZIKV, other cases it was not collected at correct time, because after 

some months the test could became negative and it does not exclude the diagnosis that 



is based on clinical pictures, including brain image and exclusion of other causes of 

congenital infections.” 

 

47- Page 2. Lines 17 to 20. Explain in few words for non-Portuguese readers in what 

consist the protocol for the routine investigation of microcephaly in Brazil. 

 

Answer: Thank you for the suggestion.  

 

This information was added to the Methods, page 8, paragraph 2: “The investigation 

protocol modified since the beginning of the increase cases of microcephaly in 

Pernambuco. The first protocol was published in November of 2015 and the second one 

in December of 2015. According to the Pernambuco Health protocol, all children with 

suspected microcephaly were referred to one of several reference centers to follow-up 

CZS. The first criterion for referral was head circumference (HC) below 33cm; from 

2nd of December the criterion was reduced to 32 cm for gestational age 37 weeks or 

over and 2 standard deviations (SD) below the mean for age and sex in the Fenton curve 

for preterm. At March 2016, The Health Secretariat of the State of Pernambuco 

published a technical note to modifying the notification criteria and reduced to 31,9 cm 

for boys and 31,5 cm for girls for gestational age 37 weeks or over. 

According to the protocol, all infants notified by these criteria should perform 

neurological evaluation, brain image and collect laboratory tests for investigation 

congenital infections.” 

 

 

48- Page 3. Line 25. Specify if follow-up CT scans were all performed in the same 

centers than those used for the initial CT scan. Specify in what consists the qualitative 

analysis. In the absence of MRI-based volume assessment, it is reasonable to give the 

criteria on which qualitative assessment of brain volume was based.  

 

Answer: Thank you for the considerations. From 37 patients, 28 follow-up CT scan 

were performed at Barão de Lucena Hospital. As far as we know, there is not software 

to calculate cerebral volume on CT. We did image comparison side by side using some 

anatomical points as parameters, being the main: thickness of cerebral lobes, size of 

ventricles, extra-axial space, Sylvian fissure and cisterns basal. 

 

This information was added in the Methods, page 6, paragraph 1: “All subjects 

underwent a follow-up unenhanced head CT, of which 28 (75,6%) at a tertiary referral 

hospital in Recife (Brazilian Northeast), from August 2015 to January 2017.” 

 

This information is now detailed in the Methods, page 101, paragraph 1: “Then, we 

answered about cerebral volume comparing follow- up CT with initial CT scans: the 

cerebral volume remains unchanged, reduced or increased; using some anatomical 

points as parameters, being the main: thickness of cerebral lobes, size of ventricles, 

extra-axial space, Sylvian fissure and cisterns basal.As far as we know, there is not 

software to calculate cerebral volume on CT. We did image comparison side by side 

using some anatomical points as parameters, being the main: thickness of cerebral 

lobes, size of ventricles, extra-axial space, Sylvian fissure and cisterns basal.” 

 

 

Results. 
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49- Decimals in page 4 and tables must be written with point instead commas.  

Answer: We have corrected this issue. Thank you. 

 

 

50- Page 4. Line 14. The definition of severe microcephaly using the Intergrowth-21st 

belongs to the method section. 

 

Answer: We made the correction. Thank you. 

 

The definition was added to the Methods, page 8, paragraph 3. “We classified as 

microcephaly Microcephaly were detected when head circumference (HC) was below 2 

standard deviations and classified as severe microcephaly when below 3 standard 

deviations according to Intergrowth-21
st
 Curve (12)” 

 

 

51- Page 4. Lines 12 to 14. Two children were born without primary microcephaly. Did 

they experience microcephaly of postnatal onset or significant slowing of head 

circumference growth in early lifetime? 

 

Answer: These two patients were part of case series described by van der Linden et al, 

2016 and they developed postnatal microcephaly (Reference 6) 

 

This information was added in the Results, page 112, paragraph 1: “Two patients 

(5.4%) had a normal head circumference at birth but developed postnatal 

microcephaly.” 

 

 

52- Figure 9 title. Flowchart demonstrates the frequency of cerebral volume reduction 

on initial CT scan. 

 

Answer: We made the correction. Thank you. 

 

 

Discussion. 

 

53- Page 10. Lines 36 to 54. Zika virus neuropathogenesis results from apoptosis and 

clastic cytolysis of brain parenchymal cells. Apoptosis does not imply inflammation. 

Discuss the postnatal course of calcifications in other STORCH infections. 

 

Answer: Thank you for the suggestion. As we answer on question 44,  

these comments were added to the Discussion, page 223, paragraph 3: “Indeed, it is 

important to recognize that, the pathological findings described in disorders associated 

with congenital intracerebral calcification do not allow for a unifying pathogenic 

hypothesis to be proposed. There is a relative paucity of paediatric neuropathology data 

on this matter.[6][7] We perceive lack of literature about image follow-up study in other 

congenital infections, so we cannot compare. Besides, STORCH agents related to 

microcephaly are diverse, including different category of invaders as a coccidian 

protozoan parasite the Toxoplama gondii, a bacterial agent, the Treponema pallidum, 

and viral agents, Cytomegalovirus and Herpes simplex (members of herpsviridae 



family). Naturally, similarities between Zika pattern of calcification and those of 

congenital Toxoplama gondi infection share the biological behaviour of their agents on 

modulating apoptosis in hosts cells [8].”   

PS: The authors do not support the interpretation that clastic cytolysis represents main 

pathogenesis of CZS microcephaly.  

 

 

54- In the limitation section, discuss that the absence of MRI scan in this series does not 

allow to provide insights on brain reduction by demyelination. 

 

Answer: Thank you for your suggestion. 

 

This sentence was added at Discussion, page 18, paragraph 3: “The absence of MRI 

scan in this series does not allow to provide insights on brain reduction by 

demyelination as occurs in severe neonatal encephalitis associated to Chikungunya 

virus.[12]” 

 

 

 

Minor discretionary revisions 

Introduction. 

 

55- Turn the sentences to the past or the preterit. For instance, “the aim of the study was 

instead “is”. 

 

Answer: We made the correction. Thank you. 

 

 

56- Page 1. Line 38. Explain in a few words for non-specialists and the BMJ broad 

readership what is a “colpocephaly”. 

 

Answer: Thank you. We added a definition of colpocephaly. 

 

Definition was added on Introduction, page 5, paragraph 2: “…(mostly colpocephaly; 

defined as disproportionate enlargement of the occipital horns of the lateral 

ventricles)…” 

 

 

Methods. 

 

57- Turn the sentences to the past or the preterit. For instance, “Initial head CT scan 

showed instead “shows”. 

 

Answer: We made the correction. Thank you. 

 

 

Discussion.  

 

58- Given the locations of calcifications, discuss the pathogenesis of neuro-

invasiveness. 



 

Answer: Thank you for the suggestion. 

  

This comment was added on the Discussion, page 16, paragraph 34: “The location of 

the CNS calcifications in CZS is probably due to the embryological timing when the 

target cells for ZIKV are available, either in specificity and in number: those targets are 

the cortical neuroprogenitors cells. This population appears and start growing during the 

accelerated mitotic phase of cerebrum development. This population expansion occurs 

through asymmetric mitotic process. This precise pool of cells is present by the 20th 

week gestational. During this period about 50% cells initially generated are 

eliminated through constitutive apoptotic process that operate the selective process that 

enables to survive only those cells that had developed a very specific phenotype and 

migrated to correct positions in the evolving CNS. Accordingly, we do not have any 

report in the literature about detection of fetal brain calcification before 20Th week of 

gestation. By this time, the cellular telencephalic expansion will proceed to create the 

basal ganglia and the neocortex structures. Once massive ZIKV virus-indeed 

apoptosis occurs it will enhance cell death far above physiological levels, creating many 

points of calcifications in these precise areas. Zika virus has also been shown to lead to 

neurotoxiticity and to impair human neurosphere growth in experimental models (17).” 

 

59- Also discuss the possibility of microcephaly of postnatal onset and how it differs 

from parenchymal brain reduction by demyelination (as seen in Chikungunya virus-

associated severe neonatal encephalitis). 

 

Answer: Thank you for the interest consideration. As described in other congenital 

infections, we assume that more severe cases of CZS could be associated with early 

congenital infection and severe microcephaly at birth. Currently, it is believed that the 

cases of postnatal microcephaly, and also, the cases without microcephaly, represent a 

lighter spectrum of presentation of CZS, presenting, therefore, the same 

pathophysiology. (7)  

Our study evaluated the cranioencephalic findings on computed tomography, and it is 

not possible to evaluate the finding of demyelination, usually only identified by MRI 

studies. However, we believe that the pathophysiology of ZIKV postnatal microcephaly 

and CHIKV neonatal encephalitis are distinct, since the first consists in a congenital 

condition where the child is born with normal HC and progresses to microcephaly; and 

the second is a perinatal infection acquired, since the placental barrier is effective in 

preventing CHIKV prenatal maternal-fetal transmission (20), so the evolution timing of 

infection is different. 

 

This consideration was added on the Discussion, page 18, paragraph 3: “The absence of 

MRI scan in this series does not allow to provide insights on brain reduction by 

demyelination as occurs in severe neonatal encephalitis associated to Chikungunya 

virus.[12]” 

 

These comments were added to the discussion, on page 21, paragraph 34: “Intrauterine 

viral infections of the CNS are unique as far as the brain is rapidly developing into 

different phases and because the fetal immune system is immature. Interference with the 

various developmental processes, for example, migration, or cortical organization and 

further myelination may result in various presentations on neuroimaging depending on 



the gestational age at the time of initial infection and the selective affinity of the 

infectious agents for the different brain structures.[25]”  
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