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1. We would like more information about the way cases are identified. When, where and by whom are children 

screened for microcephaly before referral to the reference centers?  
Answer: We are thankful for your orientations. The information was added as advised.  

Page 7, paragraph 2: “Since October 2015, all infants in Pernambuco born with suspected microcephaly are reported, 

by health services and professionals of the state, in a Government website - cievs.com/microcefalia.”  

 

2. When children arrive at the reference center, how are they evaluated? We need more details about the process.  

Answer: The process is now detailed at page 7, paragraph 4, line 5.  

“In AACD all patients undergo initial examination with a neurologist and/or physiatrist, and then they are sent for 

evaluation with ophthalmologist, orthopedist and multidisciplinary team of rehabilitation. All investigations were 

conducted as part of the clinical protocol defined by Pernambuco Health’s Secretary Protocol.”  
 

3. Please provide additional details about the imaging modalities and their interpretation, as detailed below.  

Answer: This information is now detailed starting at page 10, paragraph 1.  

Of the 22 patients who underwent CT scans included in this study, all but three were reviewed by two experienced 

neuroradiologists. Information from the three cases not reviewed by the neuroradiologists was provided by the 

radiological report and by the clinical neurologist who saw the images during the examination of the patients. Thus, all 

data was described in the tables.  

- Neuroradiologist 1 has 24 years of experience, being a titular member of the Brazilian College of Neuroradiology and 

founding titular member of the Brazilian Society of Neuroradiology, as well as member of the American Society of 

Neuroradiology for 18 years and member of the American Society of Radiology. She also has Masters degree and 
PhD.  

- Neuroradiologist 2 has 15 years of experience, being a titular member of the Brazilian College of Neuroradiology and 

founding titular member of the Brazilian Society of Neuroradiology. She also has Masters degree.  

All of the MRI scans were reviewed by the same two experienced neuroradiologists. In only one patient, calcification 

assessment was not possible, because T1WI and SWI were not performed. However, this patient presented 

calcifications on CT scan, which was reviewed by these neuroradiologists.  

 

4. Please provide additional data about each patient, as detailed below.  

Answer: Tables with individual clinical and radiological data are provided in pages 15, 17 and 18.  
 

INTRODUCTION  

 

5. Page 2, first paragraph, line 3: Can you please provide a few more sentences explaining the evidence for the 

putative association between ZIKV infection in the mother during pregnancy and microcephaly in the child? Is there 

any information about the timing of infection and microcephaly? Reference 1 is a Brazilian government publication. 

Can you provide additional references available in the medical literature?  

Answer: This information was added in the introduction, page 3, paragraph 2:  

“The putative association between ZIKV infection in the mother during pregnancy and microcephaly in the child was 
based on a number of epidemiological and laboratory evidences, such as: (1) temporal association of both ZIKV 

infection epidemic and a concomitant increased number of microcephalic children [1]; (2) the ZIKV genome was 

detected through reverse transcription–polymerase chain reaction assay of amniotic fluid samples from two pregnant 

women whose fetuses had microcephaly [2]; (3) ZIKV genome was detected in the blood and tissue samples of a 

newborn with microcephaly who died five minutes after birth [3]; (4) neurotropism was proved to happen with ZIKV in 

experimental animals [4]; (5), ZIKV can cause death of neural cells [5]; and (6) a higher frequency of ultrasound 

abnormalities in pregnant women with ZIKV disease compared with those without [6].  

 

6. Page 2, paragraph 2, last line: Do you have information on how many people are believed affected by ZIKV? How 

about incidence or prevalence of the major neurological complications, GBS and microcephaly? (You could move up 
the first paragraph in page 3 to here. It may be helpful to include a map of Brazil that shows the location of the state 

of Pernambuco as well as other areas affected by the virus.  

Answer: As ZIKV infection in adults is mostly asymptomatic or undervalued by the patients, the infection is extremely 

under reported, which makes difficult the determination of prevalence of the disease. The number of cases of GBS and 

neurological complications is mentioned in page 28, paragraph 3. The number of cases of microcephaly is mentioned 

in page 6, paragraph 2. The map was added (figure 1), as advised.  

Page 28, paragraph 3: “In regards of Guillain-Barre syndrome and other neurological manifestations, 121 cases with a 

history of rash have been notified from January to July 2015.[27] This is the most recent information available from 



the Brazilian Ministry of Health.”  

Page 6, paragraph 2: “Of the 5,280 notified cases of microcephaly up to February 13th, 2016, only 1,345 have been 

investigated and classified, of which 508 have been confirmed according to the Brazilian protocol definitions. In 

Pernambuco, the state with most notifications (1,544), 182 cases have been investigated and confirmed.[14]”  
 

7. Page 2, paragraph 3 and 4: These paragraphs could be switched. Current paragraph 3 is a good introduction to 

paragraph 5. The last line of current paragraph 4 (“In Brazil, of the 5,280 notified cases…) can be moved to the end of 

current paragraph 4  

Answer: The paragraphs were switched as advised. The introduction was restructured.  

 

8. Page 5, paragraph 1, line 1 that starts “Even though microcephaly is, to the best of our knowledge, the principal 

characteristic of the disease,...” What disease do you mean? ZIKV infection? (Aren’t most cases asymptomatic or 

manifested by a rash and a flu-like illness?). Do you mean of CONGENITAL infection due to ZIKV? If so, it is better to 
write that “microcephaly is the principal characteristic of congenital infection…”). In this paragraph you should mention 

that the CT and cranial US characteristics of microcephaly associated with ZIKV have been described in a case series 

from northern Brazil (see www.cdc.gov/mmwr/volumes/65/wr/mm6503e2.htm). The MRI features have not been 

described.  

Answer: The changes were made as advised. The findings of the study mentioned are described in the discussion.  

Page 6, paragraph 3: “Even though microcephaly is the principal characteristic of a severe early in pregnancy 

congenital infection, no study, to the best of our knowledge, has yet been published on magnetic resonance imaging 

(MRI) findings in children with congenital infection and/or microcephaly presumably associated with ZIKV. The 

computed tomography and transfontanellar cranial ultrasounds characteristics of microcephaly associated with ZIKV 

have been described in a case series from Brazil.[18] However, the CT images were not shown and MRI features were 
not described in that study.[18]”  

 

9. Page 5, paragraph 5, line 4: Consider rewriting the last sentence as “The aim of this paper is to describe the clinical 

and imaging (CT and MRI) features of children with microcephaly and diagnosed with presumed congenital infection by 

ZIKV in Pernambuco, Brazil.”  

Answer: The last paragraph of the introduction was adapted following this consideration.  

Page 6, paragraph 4: “The aim of the present article is to describe the brain imaging (CT and MRI) features, as well as 

the principal clinical findings, of the cases of the microcephaly outbreak associated with presumed congenital infection 

by the new ZIKV epidemic in Pernambuco, Brazil.”  
 

METHODS  

 

The methodology needs further explanation. I list some suggestions for revisions for this section. You do not have to 

follow the specific recommendations but please make sure that all the relevant items are addressed:  

The methods section was restructured to answer to the considerations and some details were added to better explain 

the inclusion criteria and the protocol followed.  

 

10. Page 6 para 1: Consider changing “the Brazilian microcephaly epidemic” to “the 2015-2016 ZIKA outbreak.” The 

sentence “The radiological findings…” can be omitted. The last sentence can be removed and reinserted in a 
subsequent paragraph (see below).  

Answer: Thank you for your orientations. We changed this paragraph as advised.  

Page 7, paragraph 1: “This is a retrospective study with a case series in 23 children diagnosed with congenital 

infection presumably caused by ZIKV during the Brazilian 2015-2016 microcephaly and ZIKV epidemics.”  

 

11. Page 6, para 2: Before the first sentence (“According to the Brazilian…”), please insert some information on how 

children with microcephaly are identified in the community: where, when and by whom are they identified? Then you 

can mention that “Children with microcephaly ...are referred to a referral center (I assume that in Pernambuco they go 

to one of 2 pediatric ID centers or four rehab centers but there are other centers in other states.)” Then mention the 
criteria for microcephaly (“HC<33…”). Please provide a reference for the criteria, including the change, if you have 

one. (The sentence that starts “This series describes all…” can be removed and reinserted further down (see below). 

In this paragraph, please clarify what AACD stands for. Do you report cases from a single center in Recife or data from 

all centers in the State? You need to clarify why some children with normal head circumference are also evaluated in 

this series. Does the center also evaluate children with other neurological conditions? (Presumably this is the case, 

otherwise why would they have had an imaging study if HC was normal?)  

Answer:  

Since October 2015, all infants in Pernambuco born with suspected microcephaly are reported, by health services and 

professionals of the state, in a Government website - cievs.com/microcefalia.  
 

AACD is a single center in Recife, although it is not the only one to which children can be referred from the entire 

state. This study was done with patients referred to AACD.  

 

We apologize for the mistake. We missed the term “equal” in the criterion for HC.  

Page 7, paragraph 3: The first criterion for referral was head circumference (HC) equal or below 33cm; from 2nd of 

December the criterion was reduced to equal or below 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. Thus, the children with 33 cm of HC 

were considered as microcephalic during the beginning of the outbreak of microcephaly, according to the first 

criterion.  
 

12. One of the editors raised the concern that including some children without microcephaly because they have 

imaging features suggestive of congenital infection is tautological. Should they be excluded? Please justify their 

inclusion.  

Answer:  

Page 7, paragraph 3: The first criterion for referral was head circumference (HC) equal or below 33cm; from 2nd of 

December the criterion was reduced to equal or below 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. Thus, the children with 33 cm of HC 



were considered as microcephalic during the beginning of the outbreak of microcephaly, according to the first 

criterion.  

Page 29, paragraph 2: Additionally, it is important to understand that the disease is not microcephaly, but a new 

congenital infection presumed by ZIKV, which can have microcephaly as part of the signs and symptoms or not. The 
three cases that were above the current lower limit of normality regarding HC (equal or less than 32 cm) were 

included based on the first criterion for microcephaly (equal or less than 33 cm), established in the beginning of the 

outbreak. If the previous criterion had not been 33 cm when these children were born, they would not have been 

included, even though they presented clinical, epidemiological and imaging data similar to those that have 

microcephaly. Furthermore, some patients presented an enlarged supratentorial subarachnoid space, which can 

determine the HC to be bigger than the real brain volume, masking a small brain.  

 

13. Page 6, after para 2: Please include a paragraph (or a box) explaining the work-up for children with microcephaly. 

Do all children with small heads have an imaging study? What determines if they have a CT or an MRI? What other 
tests are performed? (Include a list of tests done to investigate the other causes of microcephaly-provide details of 

what specific methods were used for the tests). While you include some of the information in the following paragraphs, 

this is hard to follow. In the box, or in the paragraph following this one, you can include the details about the imaging 

studies. Please provide technical information. What scanner was used? Settings? What are the typical parameters used 

for each MR sequence? A third paragraph should explain in detail who read the scans. Was it a pediatric 

neuroradiologist? A radiologist? A pediatrician? Were the reads quantitative or qualitative? Using which criteria? Were 

the data on volumes and calcifications obtained from the clinical report or were the data obtained for the purpose of 

this analysis? How was the location of calcifications, cysts and other malformations determined? We need as much 

detail as possible (just as you would if this was submitted to a neuroradiology journal)-we want the study to be 

replicable (to help you, imagine that someone had access to your scans and wanted to read them again: what would 
they have to do to get the same readings?)  

Answer:  

Pages 9-11, “CT scans and MRIs” section  

According to the government protocol, all children with microcephaly undergo CT, after clinical examination. MRI is not 

included in the protocol, but it is performed, when available, following clinical indication.  

CT scans were performed and evaluated initially by radiologists and reviewed by neurologists during clinical 

consultation in the hospitals to which the children were first referred. MRI scans were performed in radiology clinics of 

the city.  

Of the 22 patients who underwent CT scans included in this study, all except three were reviewed by two experienced 
neuroradiologists. Information from these three cases not reviewed by the neuroradiologists was provided by the 

radiological report and by the clinical neurologist who analyzed the images during the examination of the patients. 

Thus, in these three patients, all data was described in the tables, except for enlargement of the cisterna magna and 

of the anterior supratentorial subarachnoid space, as this information was not specified in the report or by the 

neurologist. All of the MRI scans were reviewed by the same two experienced neuroradiologists.  

- Neuroradiologist 1 has 24 years of experience as a neuroradiologist, with medical residence in radiology and 

fellowship in neuroradiology, being a titular member of the Brazilian College of Neuroradiology and founding titular 

member of the Brazilian Society of Neuroradiology, as well as member of the American Society of Neuroradiology for 

18 years and member of the American Society of Radiology. She also has Masters degree and PhD.  

- Neuroradiologist 2 has 15 years of experience, being a titular member of the Brazilian College of Neuroradiology and 
titular member of the Brazilian Society of Neuroradiology. She also has Masters degree.  

The evaluation of the images was exclusively qualitative, based on criteria from the literature, mainly from Barkovich 

and Raybaud (2012) [15]. The data was obtained through the review and reassessment of already performed scans.  

This was a retrospective study of patients from AACD and, as CT and MRI are not available in this center, scans were 

performed in different radiology clinics of the city. Thus, details about technical information was difficult to collect. 

However, it is known that all CT scans were performed in multislice CT scanner without contrast and all MRI were 

performed in 1.5T MRI scanner without contrast, except for one scan peformed with constrast.  

 

14. Please explain if the study (even if this was a retrospective study on chart review) received ethics board approval 
(or appropriate waivers). Did mothers consent?  

Answer: As there was a short period of time to conduct this study, due to its high and urgent importance for the 

medical community, no ethics board approval nor informed consent were performed. Nevertheless, all investigations 

described here were conducted as part of the government protocol, including the CT scans. MRI was performed when 

there was clinical indication for this exam. All the information was collected retrospectively from the database of the 

centers and radiology clinics where the clinical and radiological investigations occurred.  

Consent for use of images was not received, based on the BNJ policy. “This policy also reflects the UK General Medical 

Council’s rules on publishing confidential clinical material. However, the GMC does not insist on separate permission to 

publish what the GMC calls the “recordings” listed below, provided that, before use, the recordings are effectively 
anonymized by the removal of any identifying marks. Please remove details such as patients' names and dates of birth 

from images before sending them to us. The GMC's list includes: images taken from pathology slides; X rays; 

laparoscopic images; images of internal organs; and ultrasound images.”  

 

RESULTS  

 

15.  

A) Page 8, para 1: You can start by stating that this report includes data on 23 children with microcephaly and 

presumed congenital ZIKV infection (BUT, is this the case? 3/23 children had normal HC).  

Answer: Page 13, paragraph 1: This report includes data on 23 children with presumed congenital ZIKV infection. 
Among these 23 children, three did not have microcephaly according to the current parameter for microcephaly (equal 

or less than 32 cm), but were reported before December 2015, according to the first criterion (equal or less than 33 

cm).  

 

B) In order to evaluate if the results are generalizable, we need a good sense of who are the cases. It may help to 

have a FLOW diagram with this information (if available): # of children screened--->#of children referred to a referral 

center in the State -- > # of children in the referral center in Recife --- > # of children in the study.  

Answer: Unfortunately, at the moment, we only have the data from AACD patients. Information from other centers is 



difficult to obtain, as they are not interconnected. Page 13, paragraphs 2 and 3:  

“At the time of writing, 104 patients were under evaluation at AACD, in Recife, among which 78 are still awaiting brain 

imaging or serology to exclude the other causes of congenital infection. Of the remaining 26 cases, three were 

excluded because they were positive for other congenital infections (2 syphilis cases and one HIV-positive mother).  
Six of the 23 patients included, who were tested for IgM for ZIKV in the CSF, proved positive. The other 17 met the 

protocol criteria for congenital infection presumably caused by ZIKV, even without being tested for IgM for ZIKV, 

which is not yet available on a routine basis. All 23 (10 females and 13 males) children met the inclusion criteria.”  

 

C) Between the last 2 steps you can include information on the reason why children seen in Recife were not included 

(2 had congenital syphilis, 1 had an HIV+ mother (Can she have HIV and ZIKV exposure and thus have a child with 

congenital ZIKV?). If you have information on more children now, please revise the figures.  

Answer: As the aim of this paper was to analyze imaging findings characteristic of ZIKV, patients diagnosed with other 

diseases (2 with congenital syphilis and one with a HIV-positive mother) were excluded to prevent confounding 
results. As previously stated, laboratory tests were performed to exclude other diseases that could present similar 

brain imaging alterations (e.g., TORCH infections). One of these children with syphilis presented with cataract, not 

found in our cases of ZIKV infection.  

 

16. Page 8, para 1 or 2:  

A) You may consider including a paragraph here describing the 23 cases. 20 children had microcephaly. Three children 

did not (Should they be excluded? See my comments above)  

Answer: Page 29, paragraph 2, line 3: The three cases that were above the current lower limit of normality regarding 

HC (equal or less than 32 cm) were included based on the first criterion for microcephaly (equal or less than 33 cm), 

established in the beginning of the outbreak, before December 2015, when the criterion changed. Therefore, they 
were investigated because they were considered to be microcephalic and were found to have the disease. If the 

previous criterion had not been 33 cm when these children were born, they would not have been included, even 

though they presented clinical, epidemiological and imaging data similar to those that have microcephaly.  

 

B) Describe features of the mothers (age, gestational age, comorbidities, presence of rash and other symptoms of 

ZIKV infection (some of these details are not in the manuscript). Then describe features of the children (age, etc.) 

Here you may include the information about the results of CSF analysis. Some of this information is in the paper, but 

not all.  

Answer: A table was created with the individual clinical findings of mothers and infants that were available: “Individual 
clinical data (mother and infant) of 23 patients with congenital infection by Zika virus” (table 15, page 13). 

Information regarding comorbidities and other details were not available, especially considering that the aim of the 

study was to describe the radiological findings.  

As we focused on the radiological findings, the description of CSF abnormalities was not among the objectives of this 

paper. There will be another paper to further explain these descriptions. Microcephaly is a sign of this disease but not 

present in all patients; therefore, we need to include patients without microcephaly to describe all spectrum of this 

disease.  

 

17. Page 8: because there are only 23 patients, we would like to see tables with the features of each. One table could 

have data on the mothers, another with data on the children. The tables should include clinical and imaging findings as 
well as results of the tests done to exclude other infections (to reassure readers that other causes were indeed 

excluded). The imaging findings could be listed with the categories used in tables 3-5.  

Answer: The individual clinical findings of mothers and infants that were available are now described in table 2. 

Individual radiological findings are now described in tables 3 and 4.  

 

The description of the imaging abnormalities is complex but the use of examples is useful for this audience.  

 

DISCUSSION  

 
18. Page 13, para 1, line 1-2: Were the children “diagnosed with congenital ZIKV infection” or were they diagnosed 

with “presumed congenital ZIKV infection (because alternative explanations were excluded?)”  

Answer: Six of the children were diagnosed with congenital ZIKV infection, while 17 were diagnosed with presumed 

congenital ZIKV infection, as it is now explained in page 23, paragraph 1.  

“A series of cases with brain imaging findings in children diagnosed with the congenital ZIKV infection during the 

Brazilian microcephaly epidemic is described. Six of these cases were confirmed by the new IgM testing for ZIKV in the 

children cerebrospinal fluid (CSF). The remaining 17 were diagnosed as presumed congenital ZIKV infection by clinical, 

epidemiological (all except for one of the mothers had rash during pregnancy) and radiological findings, after 

alternative explanations were excluded.”  
 

Please respond to the issues raised by the reviewers.  

 

In your response please provide, point by point, your replies to the comments made by the reviewers and the editors, 

explaining how you have dealt with them in the paper.  

 

   

Reviewer 1: Nina F. Schor, William H. Eilinger Professor and Chair, Dept. of Pediatrics, University of Rochester School 

of Medicine and Dentistry  

 
19. This is a brief, descriptive manuscript that provides CT and limited MRI information on the brains of children 

putatively exposed to Zika virus in utero, particularly during the first and, for some, second trimesters. It is most 

useful and successful in its comparing and contrasting with such available information for other congenital infections 

and in its inclusion of images from CTs and MRIs of these children. Like all currently available information about 

children putatively infected with Zika virus prenatally, it is limited by the state of the diagnostic art for this virus. For 

none of the children is there "definitive" information that there is a causal link between the brain abnormalities seen 

and maternal Zika virus exposure. This is particularly difficult to ascertain because many, and perhaps most, pregnant 

women exposed to Zika virus as determined immunologically have had no symptoms of infection.  



Answer: We are grateful for your considerations. We believe that the asymptomatic characteristic of the infection in 

the majority of the mothers is perhaps the most challenging aspect for early detection of the congenital infection in 

routine. In our series, however, all except for one of the mothers reported rash during the pregnancy, especially in the 

first trimester, what can be an evidence for the causal link between mother and fetus infection. Furthermore, six of the 
23 patients underwent a new test of IgM specific for ZIKV in the cerebrospinal fluid and were all positive for ZIKV 

infection.  

 

 

20. For those infants whose mothers did have relevant symptoms during pregnancy, it would be useful to know 

whether there is a correlation between the specific abnormalities seen in the brain and the gestational age at which 

the mothers' symptoms occurred. Correlation between gestational age at putative exposure and age at which the 

abnormalities seen would have occurred during embryogenesis would be more compelling than a simple cataloging of 

abnormalities when it comes to ascribing causality.  
Answer: Certainly, the identification of a correlation between the children abnormalities and the gestational age at 

which the mothers presented the symptoms would be extremely helpful. However, this analysis is not yet possible due 

to small number of patients in the study. A finding that could support the relationship is that the majority of the 

mothers reported rash during the first trimester, and none during the third trimester, which is possibly linked to the 

malformations during the development of the cortex of the children. Another problem in correlating the children 

abnormalities with the gestational age is that the latter relies only in the mothers’ memory.  

 

 

   

Reviewer 2: Robert A Zimmerman, Neuroradiologist, Children's Hospital of Philadelphia  
 

Important Contribution to a newly emerging concern.  

 

21. Note: Page 11 "With no imaging....." in last paragraph. ? statement  

Answer: The sentence was restructured as advised (page 28, paragraph 4, line 3).  

“That study did not provide images, showing the findings in a table, without detailed information. Calcification was 

present in 74%, ventricular enlargement in 44% and neuronal migration disorders in 33% of the children. According to 

that report, periventricular calcifications were one of the most common features, contrary to our study, which found 

cortex and subcortical white matter calcifications more frequently.”  
 

22. Frequent use of Dandy Walker spectrum for prominent cisterna magna does not seem appropriate.  

Answer: Dandy-walker spectrum (DWS) is a controversial subject. Some authors, as Anne Osborne (2012) and 

Barkovich and Raybaud (2012), include mega cisterna magna as a related disorder, while others, consider it as a 

normal variant (Bosemani et al, 2015). Taking into account the small amount of our well documented cases, the 

majority of which having enlarged mega cistern magna, it seems appropriate to us to maintain mega cisterna magna 

in this expanded classification (DWS) until there is a satisfying number of cases to clarify and better understand the 

pathogenesis of this finding. Nevertheless, considering the polemic nature of subject, we agree with the reviewers 

regarding the description of mega cisterna magna, without pointing whether it is a normal variation or a DWS.  

 
Otherwise, ready for publication.  

 

 

 

   

Reviewer 3: Patricia Ellen Grant, Director FNNDSC, Pediatric Neuroradiologist, Boston Children's Hospital  

 

23. In this manuscript the authors present the imaging findings of cases with presumed ZIKV infection. Understanding 

the neuroimaging features of ZIKV is of tremendously high interest and relevance to the international community at 
this time. It is wonderful that these authors have had the ability to put this manuscript together so rapidly but there 

are some issues that need to be clarified for this article to have the impact it deserves. English editing would be 

helpful. The organization needs to be improved, a number of vague comments should be more specific, inclusion 

criteria should be clearer and image interpretations need modification with inclusion of a more detailed discussion on 

differential diagnosis. In particular the lack of specificity of the imaging findings needs to be clear.  

Answer: We are very grateful for all your suggestions, which were very important to improve this study.  

All the descriptions in this article were based in the observation found in the first 23 cases (22 with CT and eight with 

MRI). Of the 23 children, six were confirmed as congenital ZIKV infection by the new IgM in CSF test (five of them did 

MRI). Furthermore, all of the cases were diagnosed by exclusion of other infections, metabolic and genetic causes. 
Further supporting the diagnosis, all except for one the mothers had rash during pregnancy, conforming is shown in 

table 2.  

All the medical community is waiting for the first information of the abnormalities found in MRI of this ZIKV outbreak 

associated with congenital infection; therefore, we collected the data as best as possible in the short period of time 

available, being very rigorous in the selection of cases and following the Brazilian Health Ministry protocol. As these 

are the first cases of a new disease and the major aim of the study was to describe the radiological findings of this 

epidemic, we provided the most complete data with the information currently available about the disease and with the 

observation of the images.  

 

Statement on what is know and what this study adds  
 

24. This section is too vague and requires English editing. What cortical malformations have been reported? Was this 

one report a case example? In this study what specifically are the primary findings in ZIKV? What are the radiological 

criteria? If word count is an issue remove details on location.  

Answer: The statements were specified was advised and the radiological pattern was described (pages 1 and 2)  

“What is already known on this topic  

No radiologic findings that could be helpful in the differential diagnosis of ZIKV infection have been recognized to date. 

There is only one report describing malformations of cortical development (the types were not specified), 



ventriculomegaly and periventricular calcifications identified on CT scans. However, no CT images of these patients 

were provided. Another article reported a histopathologic case of a ZIKV-infected fetus and found microcephaly, 

almost complete agyria, widely open Sylvian fissures, small cerebellum and brainstem, enlarged ventricles and cortical 

and subcortical white matter calcifications.  
What this study adds  

This study adds the main radiological findings of CT scan and MRI of children diagnosed with congenital infection 

associated with Zika virus in the recent emergence of cases of microcephaly in Pernambuco, Brazil. Six patients had 

the diagnosis of congenital ZIKV infection confirmed by the new IgM test of child cerebrospinal fluid. Of the eight 

children who underwent MRI, five were among these six patients confirmed by the IgM test. Meanwhile, 17 children 

were diagnosed as presumed congenital ZIKV infection by clinical, epidemiological (all except one of the mothers had 

rash during pregnancy) and radiological findings, after alternative causes as other congenital infections, were 

excluded. The radiological pattern found in these patients was brain calcifications in the cortical and subcortical white 

matter associated with malformations of cortical development, and may be used as radiological criteria for suspected 
congenital infection presumably caused by ZIKV. Additional frequent findings, better visualized on MRI, were an 

enlarged cisterna magna, corpus callosum abnormalities (hypoplasia or hypogenesis) and brainstem hypoplasia.”  

 

Introduction  

 

25. Organization is confusing but could be improved with English editing. For example the first paragraph is confusion 

as it comments on the concerns due to the increased rates of microcephaly and then states that previously no 

relationship between ZIKV and brain malformations have been observed. A simple restructuring so the paragraph 

reads something like: “The ZIKV was first described in 1947 and although at that time no relationship between viral 

infections and microcephaly were documented, the current epidemic in Brazil has raised concerns for a relationship. 
This concern is fueled by the sudden astonishing rise in the number of cases of microcephaly observed in…..”  

Answer: The entire introduction was restructured according to the advises given (pages 3 to 6).  

 

26. It is not clear what the epidemic is – the other diseases transmitted by these viruses or the viruses themselves. 

Why is both the mosquito and the virus and epidemic – this is confusing.  

Answer: The mosquito is endemic in Brazil; however, another viral infection (Chikungunya) transmited by the 

mosquito has emerged. This is now clarified in the introduction (page 3, paragraph 3, line 3).  

“The latter is also known to transmit other diseases, such as dengue and yellow fever, which are endemic infections, 

and Chikungunya, which has also emerged recently.[3,8,9,10]”  
 

27. The last paragraph states that 508 case have been confirmed but it is not clear what is confirmed – microcephaly 

or ZIKV.  

Answer: Presumed ZIKV infection was confirmed in 508 cases of microcephaly.  

Page 6, paragraph 2: “ In Brazil, of the 5,280 notified cases of microcephaly up to February 13th, 2016 (figure 1), 

only 1,345 have been investigated and classified. Of these cases of microcephaly, ZIKV infection has been diagnosed 

in 508, according to the Brazilian protocol definitions. In Pernambuco, the state with most notifications (1,544), 182 

cases have been investigated and confirmed as presumed ZIKV infection.[17]  

 

28. Table 1 – second to last entry Nov 24 – increased CNS malformations - why is this relevant? Was there increased 
incidence of ZIKV at the same time?  

Answer: The children were conceived during the ZIKV outbreak in French Polynesia.  

Page 5: “Increase in CNS malformations (including microcephaly) in newborns registered during 2014 and 2015, 

conceived during the ZIKV outbreak in this area [13,14,15]”  

 

Methods  

 

29. Metabolic (ex respiratory chain) and genetic disorders (ex Aicardi-Goutieres Syndrome) can also have calcifications 

as can cases of hypoxic ischemic encephalopathy. Calcification is neither 100% specific for infection. How were other 
disorders ruled out?  

Answer:  

Page 8, paragraph 3: “Genetic testing is not included in the government protocol and differential diagnosis is 

performed based on family history and imaging findings, as is done with all metabolic diseases. Other causes of 

microcephaly, such as pre- and perinatal complications, exposure to licit and illicit drugs, toxic substances and ionizing 

radiation were excluded in the children.”  

 

This subject is further discussed in page 26. In the context of the current epidemic outbreak, the diagnosis as 

congenital ZIKV infection, supported by clinical, laboratory and radiological evidence, is much more likely than genetic 
and metabolic disorders without history in the family of these rare diseases.  

 

30. Infections do not always have infection so calcification is not 100% sensitive for infection.  

Answer: Intracranial calcification (ICC) is a common finding on neuroimaging in paediatric neurology. In general, 

calcification can be classified mainly into 6 groups based on their etiopathogenesis: age-related and physiologic, 

congenital, infectious, endocrine and metabolic, vascular, and neoplastic (Kıroğlu, et al, 2010). The location, shape 

and pattern with others radiological features can identify characteristic patterns associated of specific disease entities 

(Livingston, et al, 2013). Livingston et al report that a specific diagnosis was made in only 50% of the 119 patients, 

emphasizing that there remains a significant number of patients with ICC in whom an aetiological diagnosis is not 

made. We are very attentive that a full consideration of the radiological and clinical features is necessary before 
concluding that congenital infection is the cause. Our patients had the mainly pattern of multiple and punctiform 

calcification at white matter subcortical location associated with malformations of cortical development.  

Page 27, paragraph 1: “Although congenital infection is usually the first hypothesis considered when intracranial 

calcifications are detected in children, other diseases, e.g. genetic and metabolic, can result in this finding [21]. 

Differential diagnosis with alternative diseases known to cause intracranial calcification is important. In the context of 

a public epidemic, clinical and radiological findings, as well as family history and laboratory tests for infections, help in 

the exclusion of rare metabolic and genetic diseases.”  

 



31. Increased T1 signal and/or hypointensity on SWI is not specific for calcification. Phase data is needed for SWI and 

myelin breakdown products, gliosis or hemorrhage can have similar signals.  

Answer: A comment on this subject is now provided in page 26, paragraphs 1 and 2.  

“Interestingly, the calcifications were seen as hyperintense on T1WI and hypointense on SWI. It is commonly believed 
that the bright signal on T1 could be accounted for by the presence of hyper-hydrated calcium in a brain not yet 

myelinated. CT has been the imaging mainstay for the demonstration of intracranial calcification for many years and 

remained superior for the identification and delineation of it. Hyperintensity on T1 and hypointensity on SWI are not 

specific for calcification; however, the latter was found to increase the sensitivity of MRI to intracranial calcifications 

considerably. Intracranial calcification is seen on T2* or SWI as an area of low signal dropout often termed ‘blooming 

artefact’. [21]  

Of the eight patients who underwent brain imaging with MRI, seven did CT scan previously, and the punctate images 

corresponded to the calcifications seen in CT in all the seven cases. For this reason, we can guarantee that 

hyperintensity focus on T1 and hypointensity on SWI are calcifications, at least in these seven patients. Furthermore, 
by deduction, it can be concluded that these MRI findings in the only patient who did not undergo CT scan are most 

likely to be calcifications, especially in the topographical, clinical and epidemiological context.”  

 

32. At what age were subjects imaged?  

Answer: The ages at CT and MRI were variable. This information is now shown in tables 3 and 4 in pages 17 and 18.  

 

33. What known causes of microcephaly were excluded?  

Answer: Other congenital infections, genetic diseases, pre- and perinatal complications, and exposure to licit and illicit 

drugs, as well as to toxic substances and ionizing radiation were excluded in the children included. The differential 

diagnosis was based on clinical presentation, personal and family history, laboratory tests and radiological findingsThis 
information is now provided in page 9, paragraph 3:  

“Genetic testing is not included in the government protocol and differential diagnosis is performed based on family 

history and imaging findings, as is done with all metabolic diseases. Other causes of microcephaly, such as pre- and 

perinatal complications, exposure to licit and illicit drugs, toxic substances and ionizing radiation were excluded in the 

children.”  

 

Results  

 

34. What are the protocol criteria for congenital infection presumably caused by ZIKV?  
Answer: At this moment the protocol include: exclusion of other causes of congenital infections, and other causes of 

microcephaly including genetic causes. The brain image is very important for differential diagnosis. The methods 

section was restructured to better describe the protocol (page 7-9).  

 

35. In the 3 with normal head circumference why were they referred initially? A T1 bright lesion in such an infant 

would be nonspecific.  

Answer: On September 2015, in the beginning of the microcephaly epidemic in Brazil, there were some patients with 

craniofacial disproportion but with normal HC and brain image suggestive of congenital infection, so the Health’s 

Government decided to report in Government site all baby born with HC below 33 cm for gestational age 37 or over. 

Protocol 1 and 2 are in the Government site - civet.com/microcefalia  
Page 7, paragraph 3: “The first criterion for referral was head circumference (HC) equal or below 33cm; from 2nd of 

December the criterion was reduced to equal or below 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. Thus, the children with 33 cm of HC 

were considered as microcephalic during the beginning of the outbreak of microcephaly, according to the first 

criterion.”  

 

36. In the one that had only MRI, Ca++ cannot be confirmed.  

Answer: Of the eight patients who underwent MRI, only one did not underwent CT scans. The predominant cortex and 

subcortical white matter punctate images, hyperintense on T1WI and hypointense on T2* or SWI, corresponded to the 
calcifications seen in CT of the seven patients who underwent both techniques. Therefore, by deduction, it can be 

concluded that these MRI findings in the only patient who not underwent CT scan are highly probable to be 

calcifications, especially in the topographical, clinical and epidemiological context.  

 

37. If the inclusion criteria and the main findings are calcifications this seems expected….  

Answer: The main finding was not that calcifications were present, but that calcifications were present predominantly 

in the cortex and subcortical white matter. This is now clearer explained in the text (page 19, paragraph 1):  

“The main imaging findings on CT (fig 2A, 5A, 6A, 6B) and MRI (fig 2B-F, 3A-D, 4A-C, 5B, 5C, 6C-F) were brain 

calcifications specially predominant in the cortex and subcortical white matter (fig 2A, 3B, 4C, 5A,B, 6A-D)…”  
 

38. Enlarged cisterna magna and DW spectrum are not the same. The vermis should be hypoplastic and dysmorphic 

for DW spectrum. In these cases the vermis looked fully formed.  

Answer: Dandy-walker spectrum (DWS) is a controversial subject. Some authors like Ann Osborne (2012) and 

Barkovich (2012) include mega cistern magna as a related disorder, while others, consider it as a normal variant 

(Bosemani et al, 2012). Taking into account the small amount of our well documented cases, the majority of which 

having enlarged mega cistern magna, it seems appropriate to us to maintain mega cisterna magna in this expanded 

classification (DWS) until there is a satisfying number of cases to clarify and better understand the pathogenesis of 

this finding. Nevertheless, considering the polemic nature of subject, we agree with the reviewers regarding the 

description of mega cisterna magna, without pointing whether it is a normal variation or a DWS. The term “Dandy-
Walker spectrum” was deleted from the article.  

 

39. Table 2 – what type of calcification was observed? Punctate, globular? What types of malformations? Was vermis 

normal?  

Answer: We found different types of calcifications, but in the majority of cases they were punctiform and located in the 

subcortical white matter. However, in some cases, besides the punctiform ones, there were linear or even rock-like 

calcifications. In the MRI patients, the main cortical malformations were simplified gyral pattern, polymicrogyria and 

microlissencephaly (especially pachygyria). Other malformations found were hemimegaloencephaly and periventricular 



heterotopic gray matter. (page 18, line 4)  

The vermis was normal in all patients that did not have cerebellar hypoplasia.  

 

40. Table 3 – what was the age at mri and gestational age at birth of subjects? If one patient was excluded due to lack 
of T1 and SWI, was there Ca on CT to include this subject?  

Answer: Gestational age and age at MRI are now included in tables 2 and 4, respectively. The patient without T1 and 

SWI was not excluded, but the location of the calcifications were not assessed. In, this patient CT scan detected 

calcifications predominant in the cortex and subcortical white matter, as well as basal ganglia and periventricular 

calcifications.  

 

41. Table 4 – the grading scheme for brain volume was not described in the methods. “n” likely means subject 

number. N = 1 what type of dysplasia. N=3 it is hard to understand a viral infection causing hemimegaloencephaly.  

Answer: The grading scheme for brain volume decrease is now explained in the methods. Mild, moderate and severe 
decreases are considered, respectively, grades I, II and III. We are thankful for your correction regarding N=1 patient. 

We reviewed the case and we are not sure how we were mistaken when we typed this information in the Excel chart. 

The patient has a focal left frontal polymicrogyria. This mistake did not change the table results and the analysis of 

symmetry. We corrected the table. Although we also find this feature unusual, the aspect suggestive of 

hemimegaloencephaly was, in did, identified in one hemisphere of one of the patients. The contralateral hemisphere of 

this patient had decreased volume and simplified gyral pattern.  

 

Discussion  

 

42. Criteria for diagnosis are not clear.  
Answer: The radiological criteria are the presence of brain calcifications predominantly in the cortex and the 

subcortical white matter and the presence of malformations of cortical development, when the clinical diagnosis 

(definitive or by exclusion) point to congenital ZIKV infection and the epidemiology is indicative of the Brazilian ZIKV 

epidemic.  

 

43. It is not surprising that calcifications were a major finding is this was an inclusion criteria.  

Answer: While the presence of calcifications was an inclusion criterion, the major finding was related to the 

predominant location of the calcifications. Calcifications were present predominantly in the cortex and subcortical 

white matter.  
 

44. Normal cortical thickness is rarely seen in PMG. No prior mention was made of cortical thickness or how this was 

assessed. Fig 3 looks like increased cortical thickness.  

Answer: Figure 3 shows, in did, a thick cortex. The cortical thickness was not quantitatively assessed, however, the 

classification of Barkovich and Raybaud (2012) [15], in which cortical thickness is included, was the one used to 

assess the type of malformation of cortical development.  

 

45. Enlargement of the posterior portions of the lateral ventricles is not colpocephaly – the shape is important. These 

cases did not look like classic colpocephaly.  

Answer: We are thankful for your correction. The term “colpocephaly” was removed from figure 2 legend.  
 

46. Criteria for assessment of delayed myelination were not described in the methods nor were findings provided in 

the results.  

Answer: This information is now in page 11, paragraph 3:  

“The criteria for assessment of myelination were based on Barkovich and Raybaud (2012) [19], who charted the ages 

at which the changes in myelination appear on T1WI and T2WI, as well as the normal milestones for brain 

myelination. During the first 6 months, we considered mainly T1WI as the most useful sequence for assessing normal 

brain maturation. The findings related to myelination were classified as normal or delayed for the age. All the patients 

had T1WI and T2WI available, except for one, in which the evaluation was only with T2WI.”  
 

47. No evidence of vermian hypoplasia and dysmorphic features to suggest Dandy Walker were provided.  

Answer: Dandy-walker spectrum (DWS) is a controversial subject. Some authors, as Anne Osborne (2012) and 

Barkovich and Raybaud (2012), include mega cisterna magna as a related disorder, while others, consider it as a 

normal variant (Bosemani et al, 2015). Taking into account the small amount of our well documented cases, the 

majority of which having enlarged mega cistern magna, it seems appropriate to us to maintain mega cisterna magna 

in this expanded classification (DWS) until there is a satisfying number of cases to clarify and better understand the 

pathogenesis of this finding. Nevertheless, considering the polemic nature of subject, we agree with the reviewers 

regarding the description of mega cisterna magna, without pointing whether it is a normal variation or a DWS.  
 

48. Calcification is neither 100% sensitive nor 100% specific for infection.  

Answer: Intracranial calcification (ICC) is a common finding on neuroimaging in paediatric neurology. In general, 

calcification can be classified mainly into 6 groups based on their etiopathogenesis: age-related and physiologic, 

congenital, infectious, endocrine and metabolic, vascular, and neoplastic (Kıroğlu, et al, 2010). The location, shape 

and pattern with others radiological features can identify characteristic patterns associated of specific disease entities 

(Livingston, 2013). Livingston et al. report that a specific diagnosis was made in only 50% of the 119 patients, 

emphasizing that there remains a significant number of patients with ICC in whom an aetiological diagnosis is not 

made. We are very attentive that a full consideration of the radiological and clinical features is necessary before 

concluding that congenital infection is the cause. Our patients had the mainly pattern of multiple and punctiform 
calcification at white matter subcortical location associated with malformations of cortical development.  

Page 27, paragraph 1:  

“Although congenital infection is usually the first hypothesis considered when intracranial calcifications are detected in 

children, other diseases, e.g. genetic and metabolic, can result in this finding [Livingston 2013]. Differential diagnosis 

with alternative diseases known to cause intracranial calcification is important. In the context of a public epidemic, 

clinical and radiological findings, as well as family history and laboratory tests for infections, help in the exclusion of 

rare metabolic and genetic diseases.”  

 



49. Hyperintensity on T1 and hypointensity on SWI is not specific for calcification.  

Answer: A comment on this subject is now provided in page 26, paragraphs 1 and 2.  

“Interestingly, the calcifications were seen as hyperintense on T1WI and hypointense on SWI. It is commonly believed 

that the bright signal on T1 could be accounted for by the presence of hyper-hydrated calcium in a brain not yet 
myelinated. CT has been the imaging mainstay for the demonstration of intracranial calcification for many years and 

remained superior for the identification and delineation of it. Hyperintensity on T1 and hypointensity on SWI are not 

specific for calcification; however, the latter was found to increase the sensitivity of MRI to intracranial calcifications 

considerably. Intracranial calcification is seen on T2* or SWI as an area of low signal dropout often termed ‘blooming 

artefact’. [21]  

Of the eight patients who underwent brain imaging with MRI, seven did CT scan previously, and the punctate images 

corresponded to the calcifications seen in CT in all the seven cases. For this reason, we can guarantee that 

hyperintensity focus on T1 and hypointensity on SWI are calcifications, at least in these seven patients. Furthermore, 

by deduction, it can be concluded that these MRI findings in the only patient who did not undergo CT scan are most 
likely to be calcifications, especially in the topographical, clinical and epidemiological context.”  

50. Cases provided in images do not look frontal specific but global.  

Answer: Overall, the malformations were present in the entire brain, especially with simplified gyral pattern, in MRI 

patients (only two of eight patients did not present this pattern). However, in all of them the frontal lobe was among 

the lobes most affected, especially by polymicrogyria and pachygyria.  

 

51. CMV does not always have predominant anterior temporal lobe involvement.  

Answer: We apologize for this mistake and are grateful for your correction. We removed this information from the text 

(page 27, paragraph 3).  

“Additionally, we found, in this new epidemic associated with ZIKV, that cortical malformations (pachygyria and 
polymicrogyria) were located predominantly in the frontal lobes, which has not been reported as a major finding in 

other congenital infections. This finding differentiates this congenital infection from toxoplasmosis, as malformations of 

cortical development are not common in the latter.[15]”  

 

52. In infants HSV does not involve predominantly temporal and insular regions.  

Answer: We apologize for this mistake and are grateful for your correction. We removed this information from the 

text.  

 

53. Subcortical calcifications can be seen in CMV  
Answer: We are grateful for your correction. This information is now added in table 8. Although subcortical 

calcifications are seen in CMV infection, this location is not the most expressive feature of this congenital infection, 

being periventricular calcifications more common. In all of our patients, the calcifications were predominantly present 

in the cortex and subcortical white matter.  

Page 26, paragraph 3: “In our study, the most predominant areas of calcification were cortex and subcortical white 

matter junction. Although this pattern of calcification can be found in other congenital infections, the knowledge of 

preference calcification location of in each disease can help to suggest some etiology more than others. For example, 

calcifications in periventricular areas is more frequent in CMV congenital infection.[19,20]”  

 

54. These are not dandy walker spectrum – the vermis must be dysplastic and small for this diagnosis.  
Answer: Dandy-walker spectrum (DWS) is a controversial subject. Some authors, as Anne Osborne (2012) and 

Barkovich and Raybaud (2012), include mega cisterna magna as a related disorder, while others, consider it as a 

normal variant (Bosemani et al, 2015). Taking into account the small amount of our well documented cases, the 

majority of which having enlarged mega cistern magna, it seems appropriate to us to maintain mega cisterna magna 

in this expanded classification (DWS) until there is a satisfying number of cases to clarify and better understand the 

pathogenesis of this finding. Nevertheless, considering the polemic nature of subject, we agree with the reviewers 

regarding the description of mega cisterna magna, without pointing whether it is a normal variation or a DWS.  

 

55. Discussion of adult findings  
Answer: As this study was focused on congenital infection associated with ZIKV and the microcephaly and ZIKV 

outbreaks were very recent, imaging findings in adults were, unfortunately, not explored. Follow up studies and adult 

imaging are certainly needed to completely understand this disease. Although this was not the objective of our study, 

we can state that the mothers reported, by memory, rash as the only manifestation of the infection, which happened 

during the first or second trimester of pregnancy, without any major complaints.  

 

56. As diagnosis is not confirmed in most cases, the specificity of these findings should be clarified. Findings listed 

should raise concern in appropriate clinical context.  

Answer:  
Six of our patients had their CSF tested specific for ZIKV anti-IgM antibodies as part of a research study conducted by 

the Fiocruz Foundation, Pernambuco; all six children tested presented a positive result, thus confirming the congenital 

ZIKV infection. The clinical, radiological and epidemic findings encountered in these six patients who tested positive 

were similar to those of the remaining patients of the series in which this test specific for ZIKV could not be 

performed. However, in these patients, other infectious diseases – cytomegalovirus (CMV), toxoplasmosis, rubella and 

syphilis – that could generate similar clinical and radiological presentations were excluded by laboratory testing. In 

addition, 22 of the 23 mothers had rash during pregnancy. Furthermore, metabolic and genetic diseases were 

excluded by clinical presentation, personal and family history and radiological findings.  

The identification of brain calcifications predominantly in the cortex and the subcortical white matter associated with 

malformations of cortical development in imaging of children whose mothers referred rash during pregnancy in 
epidemic areas highly points to the diagnosis of presumed congenital ZIKV infection. The use of these imaging 

features as an additional tool to the clinical and epidemiological diagnosis is very important in the current epidemic 

context, in which fast screening and diagnosis of suspected cases is needed, but there is no definitive tests for 

confirmation of the congenital ZIKV infection, as the specific CSF IgM testing is not available in routine.  

 

57. A full discussion of DDx including injury and metabolic etiologies is needed.  

Answer: This information is now in page 27, paragraphs 1 and 2  

“Although congenital infection is usually the first hypothesis considered when intracranial calcifications are detected in 



 

children, other diseases, e.g. genetic and metabolic, can result in this finding.[21] Meanwhile, in this context of a 

public epidemic, when is impossible to do specific genetic tests in all patients, the clinical and radiological findings, as 

well as the family history and laboratory tests for infections, can help in the exclusion of the rare metabolic and 

genetic diseases.  
Cortical malformations, frequent in all patients of our study, have not been described in Aicardi-Goutières syndrome 

and RNASET2-related disease, two genetic disorders that can mimic congenital infection, because can have brain 

calcifications and for the latter cyst in temporal lobe.[21] Another genetic disease in the differential diagnosis, band-

like calcification with simplified gyration and polymicrogyria, presents a characteristic pattern of symmetrical 

continuous or semicontinuous ribbon of cortical calcification,[21] which was not found in our patients.”  

 

 

 

   
Reviewer 4: Nadia Biassou, attending Neuroradiologist, National Institutes of Health  

 

Dear Dr. Merino,  

I think that this article is an important article that described pertinent neuroradiologic findings associated with 

congenital ZIKV as detected by IgM antibody biomarkers and presumed ZIKV infection by exclusion of other TORCH 

congenital infections.  

 

Strengths:  

Overall, the manuscript is well written and demonstrate the typical findings of TORCH related congential findings of 

intraparenchymal bulky and small dystrophic calcifications.  
Although the sample size is small, the authors were able to discern imaging patterns that differentiate ZIKV infections 

from other types of congenital infections related to intrauterine TORCH infections. They describe a preponderance of 

ventriculomegaly, bifrontal anomalies over other cerebral lobe pathology such as cortical malformation with 

pachygyria, polymicrogyria, and lissencephaly. They also note that these patterns are different from the other 

congenital TORCH infections. These radiologic findings are corronorated by pathologic analysis of the brain of an ZIKV 

infected infant who subsequently died shortly after birth. For these reasons, I think that this paper is an important one 

that should be published following some revisions.  

 

Weaknesses:  
58. My reading of these images is that the findings suggest massive cortical developmental arrest fairly early-on in 

brain development as noted by poor gyral formation, lack of myelination, cortical migration abnormalities and corpus 

callosal agenesis. So infection with the virus must have been fairly early on during gestation. IT would be important to 

know if the infant whose parent was infected later in gestation showed less severe anomalies. I would predict that this 

would be the case at least with respect of the degree of ventriculomegaly and or corpus callosal agenesis by CT and 

possibly a lesser degree of cortical anomaly by MRI. Since fairly few infants got MRIs by the time of the writing of this 

manuscript, this point can be mentioned as future work.  

Answer: We are grateful for your comments. In did, it was not possible to correlate the degree of the abnormalities 

with the gestational age of infection due to the small number of patients. We intend to perform this analysis with the 

increase in the number of patients assessed.  
 

59. The authors imply that there may be high CSF pressure communicating hydrocephalus present as they note in 

Figure 1. the presence of "bulging ventricles". It is unclear, by imaging criteria, whether the enlarged ventricles are 

caused by a communicating hydrocephalus. There is no clear evidence from the relatively few MRI images provided 

that there is tranependymal flow of CSF present in the surrounding periventircular white matter. It is more likely that 

the ventriculomegaly is the result of the marked lack of brain tissue development. Also not enough the of MRI 

postcontrast images are included to assess whether there is leptomeningeal enhancement that might have contributed 

to the development of a communicating hydrocephalus. Plus they not that CSF PCR was negative for ZIKV. So, it may 

be better to not even suggest that the ventriculomegaly is caused by a postmeningitis communicating hydrocephalus.  
Answer: We thank the reviewers for their pertinent comments on our paper. We agree that in figure 1 (now, figure 2), 

we just have ventriculomegaly without communicating hydrocephalus. We will correct this.  

 

Other than these points mentioned above, I think that the authors have presented an important starting point in 

describing the neuroradiologic intrauterine neurologic sequelae of gestational ZIKV infection. 

 

 

  

  

 

 

 

 


