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Background 
 Zika virus made its debut to the scientific community in the Zika forests of 

Uganda in 1947, and slowly spread to other African and Southeast-Asian countries 

throughout the next six decades [8]. The mosquito vector Aedes aegypti is the 

predominant global vector of this virus to human hosts, who can then spread the virus 

through sexual contact, blood transfusions, laboratory exposure, or from mother to child 

via intrauterine or intrapartum transmission [9]. Most cases of Zika virus are 

asymptomatic, making it difficult to track the true spread of the disease [13].  

By October 2015, Zika virus had spread to Brazil, where mother-to-child viral 

transmission was associated with adverse pregnancy outcomes, such as microcephaly, 

and Guillain-Barré syndrome [9]. Following the widespread epidemic in Brazil, the World 

Health Organization officially declared the outbreak of Zika virus a Public Health 

Emergency in February 2016 [8]. By September of 2016, Zika virus had spread to the 

United States and was responsible for 2,354 symptomatic cases [12]. According to the 

Centers for Disease Control and Prevention (CDC), 99% of the spread in the United 

States was travel related: stemming either directly from travel or traced back to a 

traveler from a location with local Zika virus transmission [12]. Figure 1 shows countries 

with a history of local Zika virus transmission.  

Travelers arriving from countries with high Zika virus incidence were strongly 

implicated in the identification of human cases in the United States [11]. To prevent the 

spread of the virus, travelers to these areas were advised to take precautions to prevent 

mosquito bites by using insect repellent, wearing long-sleeved shirts and pants, and by 

keeping mosquitoes out of their place of lodging [3]. Recommendations also targeted 

sexual intercourse through the use of protection such as condoms or dental dams [3]. 

CDC recommended expecting mothers to be tested for Zika virus upon their return 

home from high-risk locations as an additional precaution [3].  
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Figure 1. Countries and territories with current or previous Zika virus transmission [14] 

 

Resources such as infographics, small print media, and videos can be used by 

public health professionals to educate the public on measures to protect themselves 

against infection [6]. Since pregnant travelers were at a high risk for developing severe 

complications from contracting Zika virus, resources dedicated solely to prevention 

among this specific population were vital [13]. Additionally, states with higher incidence 

and increased travel to high-risk locations required higher quality, targeted resources to 

adequately serve their constituents at risk of Zika virus infection. The purpose of this 

assessment was to evaluate state campaigns targeting pregnant travelers regarding 

Zika virus risk and prevention against best practice guidance for effective and 

persuasive public health communication.  

Methods  

 To determine whether pregnant travelers had access to high quality resources, 

we evaluated the quality of available Zika virus prevention materials targeted towards 

this demographic in the context of travel and case count data from the 2015-2016 

outbreak. Using case count data from the CDC, we identified the number of Zika virus 
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cases in each of the states of the northeast region of the United States [4]. Travel data 

of the most popular origin and destination cities between 2014 and 2015 were assessed 

in conjunction with Zika case count data to understand the association between travel 

and viral transmission risk [9]. Project team members identified outreach resources 

meeting our inclusion criteria using a previously-generated database of vector-borne 

disease outreach and education resources for northeast communities [6]. Materials 

produced by institutions within the Northeast Regional Center for Excellence in Vector-

Borne Diseases (NEVBD) catchment area that focused on pregnant travelers were 

selected from this database, as they met the criteria to be included in the analysis. This 

catchment area includes the states of Connecticut, Delaware, Massachusetts, 

Maryland, Maine, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, 

Virginia, Vermont, West Virginia, along with the District of Columbia. Briefly, these 

resources were identified through an online search of public agency websites and 

Google search engine results to identify web-based outreach materials on vector-borne 

disease prevention, which were cataloged into a database [6]. An additional cursory 

internet search was conducted to identify any resources related to pregnant travelers 

and Zika virus that were excluded from the original database. 

 The CDC’s Clear Communication Index (CCI) was used to determine the quality 

of the resources available to this population. Based on research on effective public 

health messaging, the CCI is a tool that objectively quantifies the clarity and 

understanding of educational materials. The tool consists of 20 questions split into 4 

categories: core, behavioral recommendations, numbers, and risk. Measurement in 

each category results in a total score out of 100; a perfect score indicates a resource’s 

message is clearly communicated. Resources that score 90 or above were considered 

passing and meet most of the necessary criteria for clear communication, while those 

that score below 90 could have been improved to better communicate to the target 

population. Each of the identified resources related to Zika virus which target pregnant 

travelers were analyzed using the CCI scoring method. Results of the CCI assessments 

were exported into Microsoft Excel, where descriptive statistical analysis was performed 

to determine the overall quality of materials available in the region. Materials considered 
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‘very low quality’ scored between 50 and 64 on the CCI; those considered ‘poor quality’ 

scored between 65 and 70; those considered ‘fair quality’ scored between 71 and 89; 

and materials which scored a 90 or above were considered passing,’ high quality’ 

resources.  

Results  

Table 1. Average score on Clear Communication Index and Case Counts by Date [4] 

State CT DE DC ME MD MA NH NJ NY PA RI VT VA WV 

Number of Resources 0 2 2 1 3 1 2 6 5 1 3 0 2 0 

Average CCI Score N/A 53.6 71.4 70 57.1 70 65 74.9 82.9 92.9 88.1 N/A 92.9 N/A 

Case Counts 2015-2017 126 17 48 13 143 134 12 193 1069 183 59 15 120 12 

Case Counts 2018-2020 0 0 0 0 4 1 0 9 13 0 0 0 3 0 

 

The Zika virus epidemic stretched from 2015 through 2017, with the highest 

infection rates within this timeframe [4]. The state of New York had significantly higher 

Zika incidence than other states in the Northeast region, with 1069 cases reported 

during outbreak years. Pennsylvania, the state with the next highest caseload, had 

nearly six times less than New York with only 183 reported cases of Zika virus. Figure 2 

shows the number of cases reported by states in the area during this outbreak.  

Although the outbreak has ended, the transmission of Zika virus has not. Figure 

3 shows the number of cases reported in the same geographical area during the years 

immediately following the outbreak. Transmission during this period was still highest in 

the state of New York, but the incidence of Zika virus dramatically reduced after the 

epidemic [4]. The high case load observed in New York may be due to the high travel 

volume to this state, particularly from regions with high Zika incidence. According to 

Nelson et al., New York had the highest number of passenger arrivals by air, land, and 

sea of states in the NEVBD catchment region between 2014 and 2015 [9]. The same 

data set shows that Maryland has the lowest number of travelers in the NEVBD 
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catchment region, and that Massachusetts' travel volume falls in the middle of the 

distribution. 

 
Figure 2. Zika virus case count during outbreak years 2015-2017. [4] 

 
Figure 3. Zika virus case count during post-outbreak years 2018-2020. [4] 

 

Most of these passengers originated from areas with high incidence of Zika virus, 

such as Mexico, Puerto Rico, Dominican Republic, and Brazil [9]. Refer to Appendix A 

for detailed information regarding the origin and destination of travelers during this time.  

Of the 388 resources identified in the original NEVBD database, 28 met the 

inclusion criteria of materials focusing on Zika virus and pregnant travelers [6]. Ten 

additional resources were gathered during the secondary search for Zika related 

resources focused on pregnancy, resulting in a total of 38 resources included in this 
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analysis. Only 7 of these 38 resources were directed towards the target population, 

expecting mothers, specifically. The other 31 resources mentioned expectant mothers, 

but did not exclusively focus the material on this group. Some states, including West 

Virginia, Massachusetts, and Vermont, did not produce any Zika virus resources at all, 

and were not analyzed using the CCI. 

    
Figure 4. Frequency of Resources by Clear Communication Index Score. 

 

On average, communication materials mentioning the risk of Zika virus and 

tactics to prevent transmission for expectant mothers scored 71 points on the CCI. This 

means that resources available to the target population did not meet the criterion of a 

score of 90 or above on the CCI and have room for improvement. Figure 4 shows the  

distribution of material scores determined through the CCI tool. The boxplot in Figure 5 

visualizes the distribution of these resources into four separate quartiles, categorizing 

resources as very low quality, poor quality, fair quality, or passing. 
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Figure 5. Clear Communication of Zika virus Materials Related to Pregnancy      

 

Nearly 40% (n=15) of the materials available in the northeast region were 

considered low quality. The resource with the lowest score, (50/100 on the CCI) can be 

found in Appendix B. This text-heavy flyer was dense and written using public health 

jargon rather than everyday words which are understood by a wider audience. For 

example, terms like “transmission” were used rather than phrases such as “disease 

spread”, which requires a certain level of literacy and familiarity to public health 

language in order to interpret. In addition, this resource covered a wide array of topics, 

making it hard to summarize or find specific information without skimming the entire 

document. Few colors or images were embedded in the body of the text, which narrowly 

mentions pregnant women who are at an increased risk. Other resources mentioning 

Zika virus and the target population of pregnant travelers that scored in this quartile 

were also of very low quality and did not clearly communicate to their target populations.  

Only three of the 38 (8%) resources scored between 65 and 71 on the CCI, 

representing the second quartile ‘poor quality’ of scored materials. The infographic titled 

Zika Virus Travel Information for Pregnant Women and Women Trying to Become 

Pregnant falls into this poor quality category [15]. This colorful file used layman's terms 
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for clear linguistic communication, but fell short of clear messaging by focusing on 

multiple topics. This material functioned more as a “catch-all” resource rather than one 

targeted towards pregnant travelers. Audience-targeted materials are more effective 

than those that are a conglomerate of information [1]. This material serves as an 

example for other resources that scored poorly on the index. The use of bullet points 

enhances the clarity of the information, and is a common feature of materials scoring 

within this quartile. 

Eleven of the 38 (29%) materials scored under the ‘fair quality’ quartile, indicating 

a score that meets or lies above the average of 71 on the CCI, yet does not exceed the 

passing threshold of 90. An example material from this quartile scored 80 out of 100 on 

the CCI, using pictures and short phrases to convey a targeted message related to 

behavioral prevention of mosquito-borne disease. Unlike lower scoring materials, this 

resource focused on direct actions a traveler can take to prevent transmission rather 

than just informing the target population of their increased risk. The language was also 

more direct, and the images allowed for interpretation for populations across a wider 

range of literacy levels than those which only rely on text communication.  

Roughly 24% (n=9) of the identified communication materials received a passing 

score of 90 or above. The highest-scoring material, which scored a perfect 100 out of 

100 on the CCI, focused on promoting testing behavior for pregnant women who had 

recently traveled to areas which may have high incidence of Zika. The infographic 

directed patients toward specific action, testing for Zika virus, and pointed them to their 

health care provider for more information rather than adding additional language to the 

flyer. This kept the message concise and most effective. Other materials within this 

quartile followed a similar format of short, concise language presented in bullet points to 

a targeted audience.  
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Figure 6. Map of the Northeast Region by average score on Clear Communication Index 

 

The map in Figure 6 displays the average score of each state’s communication 

materials evaluated in this assessment. Maryland and Delaware had the lowest average 

scores on the CCI, while Maine, New Hampshire, and Massachusetts produced slightly 

more effective resources but remained below the average score of 71/100 and well 

below a passing score of 90/100 on the CCI. The states of New York, New Jersey, 

Rhode Island, along with the District of Columbia, provided fair quality resources to their 

constituents, yet their resources averaged below the passing mark of 90. Only 

Pennsylvania and Virginia consistently produced high quality materials. It is notable that 

states which scored in both the highest and lowest percentiles produced very few (1-2, 

respectively) total resources each, which may be why their scores differ so drastically 

from the average. States producing more resources tended to be in middle quartiles, 

closer to the average of 71/100 on the CCI. Refer to Table 1 for the average CCI score 

for materials produced by each state.  

Discussion  

Areas with higher prevalence of Zika virus or high travel volume from places with 

local Zika virus transmission should have high quality materials developed for pregnant 

travelers. The case count data made available by the CDC showed the highest rate of 
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local transmission was in the state of New York, which had 1069 cases during the 

outbreak and 13 cases in the years following. These figures are much higher than in 

neighboring northeast states, which fall below 200 cases each during the outbreak 

years and 10 cases in the years after, collectively [4]. Based on the travel data collected 

by Nelson et al., the state of New York also ranked second on the list of destination 

states and territories during the outbreak period and is the most travel-dense region in 

the NEVBD catchment area. Since the top origin cities match those with high Zika 

incidence, originating from countries such as Mexico, Puerto Rico, Dominican Republic, 

and Brazil [9], this state should have the highest frequency of materials that are of high 

quality. While this state produced more resources than other states, these resources 

only averaged an 82.9 on the CCI, falling just short of the required 90 score for effective 

communication materials. In order to meet the needs of their population with higher risk 

of Zika virus infection, New York should produce more targeted, high quality resources 

that score above 90 on the CCI.  

New Jersey, Maryland, Massachusetts, and Pennsylvania had case counts 

between 100 and 200 and were also top 20 travel destinations in the United States 

during the outbreak period, suggesting an elevated need for high quality materials in 

these states [9]. Of this group, only Pennsylvania averaged a passing score on the CCI; 

this may be due to their small number of resources meeting inclusion criteria for this 

assessment. New Jersey produced the most resources (6 total) and scored an average 

of 71 on the CCI. Maryland’s three resources scored as very low quality with an average 

of 57 on the same index. No materials meeting inclusion criteria were identified from 

Massachusetts, despite this state being a highly traveled destination [9].  

Though some states produced highly effective materials, such as Virginia and 

Pennsylvania, the majority of states failed to produce tools meeting communication best 

practice standards as outlined through the CDC Clear Communication Index. The 31 

resources related to Zika virus transmission targeting pregnant women that did not pass 

the CCI should be updated to better communicate their messaging. States that 

experienced over 100 cases during the outbreak years should consider developing 
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more than one high quality resource targeting the vulnerable population of expectant 

mothers as an initial step to meet the needs of their communities.  

Limitations  

This data may be limited as it only describes travel patterns in 2014, but has 

been extrapolated to represent travel patterns throughout the virus’ outbreak. Patterns 

of travel may have changed due to traveler awareness or additional factors, changing 

which areas are considered travel-dense between 2014 and 2015, affecting the 

accuracy of the analysis. The Clear Communications Index also has limitations as an 

evaluation tool, as it focuses on text but vaguely defines the qualifications necessary for 

clear graphic communication. While the CCI quantifies the effectiveness of public health 

communication materials, it leaves room for subjectivity as each measure is rated by the 

measurer. Because of this, team members may have different interpretations of how 

each resource should be evaluated using this tool.  

Conclusion  

Zika virus is not the only disease which puts specific populations at risk through 

its mode of transmission. Other viruses in more recent years, such as SARS-CoV-2, 

have hit outbreak levels that surpass those experienced with Zika virus, further 

highlighting the need for higher-quality resources across diseases and targeted towards 

different populations. When creating resources for different populations, it is important 

to note the differences in access, culture, and understanding of risk that may already be 

barriers to preventive behavioral measures. Mitigating these barriers through inclusive 

communication is the first step to not only communicating across differences, but to 

improving the health outcomes of entire populations [1].  
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Appendix A: Scope of Travel-Related Transmission  

S1. Top 20 Destination States and U.S. Territories, Aviation Travel to the US from 33 Countries and U.S. 
Territories with Local Zika Transmission, 12 Month Estimate [9]1 

 
 
 
 
 
 
 

 
1 Data collected between 2014 and 2016, from Travel Volume to the United States from Countries and 
U.S. Territories with Local Zika Virus Transmission [9] 
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S2. Top 20 Origin Cities, Aviation Travel to the U.S. from 33 Countries and 3 U.S. Territories with Local 
Zika Transmission, 12 Month Estimate [9]2 

 
2 Data collected between 2014 and 2016, from Travel Volume to the United States from Countries and 
U.S. Territories with Local Zika Virus Transmission [9] 
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Appendix B: Example Resources 
S3. Score of 50/100 on Clear Communication Index  [7] 
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S4. Score of 65/100 on Clear Communication Index [15] 
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S5. Score of 80/100 on Clear Communication Index [10] 
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S6. Score of 100/100 on Clear Communication Index [2]
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