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Abstract: Dental and dental hygiene students frequently interact with patients with herpes simplex virus (HSV) infections,  
often simply referred to as cold sores. The objectives of this study were to assess dental and dental hygiene students’ knowledge, 
attitudes, and professional behavior concerning the treatment of patients with HSV infections and to investigate the relationships 
among knowledge, attitudes, and professional behavior. Questionnaire data were collected from 337 dental and seventy-three den-
tal hygiene students at regularly scheduled classes. Dental and dental hygiene students did not differ in their overall knowledge 
concerning HSV infections. Dental hygiene students were more apprehensive about treating patients with these infections, but 
used more appropriate professional behavior compared to dental students. Dental students’ knowledge and appropriateness of  
professional behavior increased over the course of their education. Overall, it was found that an increase in student knowledge 
was associated with increased apprehension related to treating these patients. However, the more apprehensive they were, the 
more they engaged in appropriate professional behavior. Educating future health care providers about the treatment of patients 
with infectious and communicable diseases can potentially increase the students’ apprehension/negative attitudes concerning 
providing care, while at the same time increasing appropriate professional behavior during their education. Addressing students’ 
apprehensions might be a crucial moderator that will determine whether they will provide the best possible care for these patients 
in their future professional lives. 
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The herpes simplex virus (HSV) can cause in-
fections ranging from asymptomatic and mild 
to life-threatening presentations. The primary 

infection with herpes simplex type 1 (HSV-1) classi-
cally occurs in one-to-three-year-old children and is 
most often clinically manifested by fever and painful 
apthous stomatitis.1 The common infection is usually 
acquired from direct contact with infected secretions 
from parents, caregivers, siblings, or playmates.2 Fol-
lowing symptomatic or asymptomatic primary infec-
tion, antibody and cellular immunity develops and 
usually lasts for life. Despite this fact, HSV infections 
occur in about 30 to 50 percent of those persons who 
have been infected in the past. Recurrences commonly 

occur in the form of cold sores or fever blisters that 
appear on the outer surface of the lips typically in 
the vermillion border, but also in the circumoral skin 
and nares.2 Lifetime prevalence of recurrent herpes 
labialis in the United States is estimated to be between 
20 and 45 percent of the adult population, with ap-
proximately 100 million episodes occurring annually 
in immunocompetent individuals.3,4 The recurrences 
range from rare episodes to monthly or even more 
frequent outbreaks per year.5,6 The largest reservoir 
of HSV is associated with herpes labialis, most com-
monly resulting from primary infection with HSV-1 
during childhood. In fact, more than 85 percent of the 
world’s population is seropositive for HSV-1.7 
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Incidence of HSV-1 infection has been associat-
ed with age, race, female sex, lower educational back-
ground, and lower socioeconomic status.8-13 However, 
few studies have examined the confounding effects 
of these factors.14 Individuals in developing countries 
and from lower socioeconomic backgrounds tend to 
acquire antibodies against HSV-1 at an earlier age 
than individuals from industrialized countries or 
from more affluent backgrounds.15 Herpes simplex 
viruses are transmitted during close personal contact 
through the exchange of virus-containing secretions 
like vesicle fluid from active lesions, saliva, semen, 
and cervical fluid. The virus must contact mucosal 
surfaces or abraded skin, where it then first replicates 
and initiates infection.16,17 Initial replication of the 
HSV-1 often occurs in the oropharyngeal mucosa and 
establishes latency in the trigeminal ganglia.18

Research has shown that while recurrences of 
infections are spontaneous, they are associated with 
various triggers such as physical or emotional stress, 
fever, exposure to ultraviolet light, nerve or tissue 
damage, immunosuppressant, heat, cold, menses, 
concurrent infection, and fatigue.19 Both herpes sim-
plex type 1 and herpes simplex type 2 are responsible 
for primary oral herpes simplex infections, with 
HSV-1 accounting for 75 to 90 percent of the cases.20 
With the increasing prevalence of orogenital contact, 
cases of HSV-2 oral and HSV-1 genital infections are 
increasing in frequency.21,22 

Spruance et al. isolated HSV from 89 percent 
of oral lesions and 25 percent of saliva samples dur-
ing active disease.23 Viral shedding is found to occur 
anywhere from prodrome to after crusting of the le-
sions, even while asymptomatic. Gilbert used PCR to 
detect quantity and frequency of shedding in his study 
and reported that, in 87 percent of adults with herpes 
labialis lesions, the HSV-1 was detectable for an aver-
age of four days.24 The shedding was most frequent 
in the vesicle and ulcer stage, but was also common 
in clinical and subclinical stages. Given these find-
ings, it is not surprising that several studies reported 
the risk of transmission of HSV in dental clinics.25-30 
The incidence of herpetic whitlow, an infection of the 
thumb and fingers caused by contact with a herpetic 
lesion, was found to be higher in dental personnel 
than in the general population,31,32 especially before 
the general use of gloves. Richards et al. reported that 
certain dental materials, notably acrylic monomer, 
chloroform, and orange solvent, all rendered latex 
gloves permeable to HSV.33 There is conflicting 
evidence with regard to the viability of HSV virus 
after disinfection.34 Epstein et al. recovered infectious 

HSV virions for up to two hours from door handles 
that were inoculated with HSV-1 in saliva or water35 
(see also Bardell36). HSV-1 has also been shown to 
survive in a patient’s dental chart for several hours.29 
The shedding period of the virus varies depending 
on the type of detection systems used. 

Health care workers such as dental and dental 
hygiene students are trained to practice good hygiene 
measures such as frequent hand washing and to fol-
low standard precautions when treating patients. In 
addition, students need to be informed that when 
they have active lesions, they need to be especially 
careful not to transmit HSV to their patients and that 
it is even advisable for them to temporarily refrain 
from working with immunocompromised patients 
and neonates. If they encounter active lesions in 
their patients, they should avoid any type of contact 
with these lesions such as handling infected tissue 
or saliva without gloves. 

Dental and dental hygiene students are fre-
quently exposed to patients who suffer from recurrent 
HSV infections.2-6 As many dental students come 
from middle- or higher income homes, they may 
not yet have acquired the antibodies. Brooks et al. 
found, for example, that 43 percent of dental students 
were not serologically positive.37 These students 
are therefore at higher risk of acquiring a primary 
infection. If their lack of immunity is coupled with 
an incomplete understanding of the disease process, 
these students will be vulnerable to these infections. It 
is therefore crucial to educate the students in the best 
possible manner about these infections and recom-
mended professional behavior when providing care 
to patients with cold sores, for their own well-being 
as well as their patients’. In light of these issues, this 
study was conducted to assess and compare dental 
and dental hygiene students’ knowledge, attitudes, 
and professional behavior concerning the treatment 
of patients with HSV infections and to investigate 
how students’ knowledge, attitudes, and professional 
behavior are related. 

Methods
This study was approved by the Institutional 

Review Board (IRB) for the Health Sciences at the 
University of Michigan. 

Questionnaire data were collected from 337 stu-
dents in the four dental classes (response rate=79.10 
percent; 159 [47.60 percent] male and seventeen 
[52.40 percent] female) and seventy-two students in 
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the three dental hygiene classes (response rate=80.90 
percent; 98.6 percent female) at the University of 
Michigan School of Dentistry. Response rates of 
students in the four classes of the dental school 
program ranged from 62.38 percent for fourth-year 
students (N=63) to 96.08 percent for second-year 
students (N=100). The response rate for first-year 
dental students was 90 percent (N=99) and for third-
year dental students 67.57 percent (N=75). Response 
rates for students in the three classes of the dental 
hygiene program were 89.29 percent for the first-year 
students, 44 percent for the junior students, and 100 
percent for the senior students. The dental hygiene 
program at the University of Michigan does not have 
a first-year class because students are admitted to 
the program after they have completed a first year of 
general studies. Surveys were distributed at the end of 
regularly scheduled classes in November/December 
2005. Due to this procedure, only students who were 
present responded to the survey in this classroom 
setting. Some of the students were missing due to 
illness, external rotations, or personal reasons. To 
protect the students’ anonymity, no efforts were made 
to track down the students who were missing in the 
class period in which the survey was distributed.

The respondents volunteered to complete the 
survey after they were informed about the study and 
received a questionnaire at the end of a regularly 
scheduled class. The students were instructed to 
answer anonymously and honestly and to return the 
survey in sealed envelopes to the researchers who 
waited outside of the classrooms. The average time 
to complete the survey was approximately 5 minutes. 
All students were informed that their participation 
was voluntary and that refusing to participate would 
not affect their grade. 

The students responded to self-administered 
surveys that included questions concerning their 
personal background (gender) and educational situ-
ation (type of student and year in program) as well 
as four sections of additional questions. Section 1 
consisted of thirteen questions assessing the students’ 
knowledge (for the wording of these questions see 
Table 1). These knowledge questions consisted of 
seven general knowledge statements for which the 
respondents were asked if they were true or false and 
six questions with a yes/no answer format concern-
ing what a person with cold sores should do to avoid 
transmission of the disease to other persons. To test 
the reliability of these knowledge questions, a sum 
score of correct responses to the first seven items and 
a sum score of correct answers to the following six 

items were computed, and the Cronbach alpha reli-
ability coefficient was determined. This coefficient 
was alpha=.60. In addition to having the two separate 
knowledge scores for students’ general knowledge 
(questions a to g) and students’ knowledge concern-
ing transmission of the virus (questions h to m), a 
sum score of the number of correct answers to all 
knowledge questions was computed as an index of 
the students’ overall knowledge about this topic. 

Section 2 of the survey consisted of two Likert-
type questions concerning students’ apprehension/ 
attitudes when treating patients with cold sores 
(“When I treat a patient with a cold sore, I feel 
uncomfortable” and “When I treat a patient with a 
cold sore, I am concerned about getting infected”). 
Respondents had to indicate how much they agreed 
with these two statements on a scale from 1=disagree 
strongly to 5=agree strongly. The Cronbach alpha 
reliability coefficient for these two attitudinal items 
was alpha=.76. For the purpose of these analyses, the 
responses of the two attitudinal items were averaged, 
and this average score was used as an indicator of 
the students’ attitudes concerning providing care for 
patients with cold sores.

Section 3 consisted of four Likert-type ques-
tions concerning students’ professional behavior 
(“When I treat a patient with a cold sore, I check the 
patient history”; “When I treat a patient with a cold 
sore, I use proper infection control”; “When I treat a 
patient with a cold sore, I want to educate them about 
cold sores”; and “I might not treat a patient with a 
cold sore on this day”). Respondents indicated their 
level of agreement with these questions on the same 
five-point answer scale they used for the attitudinal 
items. A factor analysis (Extraction Method: Principal 
Component Analysis; Rotation Method: Varimax with 
Kaiser Normalization) with the two attitudinal items 
and the four items concerning professional behavior 
showed that the responses to the two attitudinal items 
plus the responses to the behavioral item “I might not 
treat the patient on this day” loaded on a first factor, 
while the responses to the three behaviors related to 
the students’ interaction with the patients in the dental 
chair (“I check the patient history”; “I use proper infec-
tion control”; and “I want to educate them about cold 
sores”) loaded on a second factor. For the purpose of 
this study, the responses to the items that loaded on 
the second factor were averaged, and the average score 
was used as an indicator of the students’ behavioral 
responses when providing care for patients with cold 
sores. Responses to the fourth item, “I might not treat 
the patient on this day,” were analyzed separately. 
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At the end of the first page of the survey and 
after these three sets of questions were asked, the 
students indicated in a last section of the survey if 
they had ever had cold sores themselves. If they had 
not ever had a cold sore, they were thanked and the 
survey was finished. If they reported that they had had 
cold sores at some point in their life, they continued 
with twelve questions about their own experiences 
with cold sores, their attitudes towards having cold 
sores themselves, and their behavioral responses 
concerning managing their own disease.

Results
In total, 337 dental students and seventy-two 

dental hygiene students completed the survey. The 
overall response rate was 79.03 percent, with 60.6 
percent of the respondents being female students 
and 39.4 percent male students. This slight imbal-
ance in the gender distribution is in part due to the 
fact that the dental hygiene program had only one 
male student. 

Table 1. Percentages of dental and dental hygiene students’ responses to questions concerning their knowledge about 
cold sores

Statements (correct answer)	 Type of Students	 Correct	 Wrong	 p

a. Cold sores are caused by (virus).*	 Dental	 94.3%	 5.7%	 .104 
	 Hygiene	 97.3%	 2.7%
b. At any given time, what percentage of the adult U.S. population  
    has cold sores? (20-50%)	 Dental	 52.9%	 47.1%	 .240 
	 Hygiene	 58.9%	 41.1%	
c. Cold sores can be transmitted through tears. (no)	 Dental	 89.7%	 10.3%	 .311 
	 Hygiene 	 91.8%	 8.2%
d. Cold sores can be transmitted through saliva. (yes)	 Dental	 75.7%	 24.3%	 .516 
	 Hygiene	 76.7%	 23.3%
e. Cold sores can be transmitted through kissing. (yes)	 Dental	 89.9%	 10.1%	 .563 
	 Hygiene	 90.4%	 9.6%
f. Cold sores can be transmitted through hands. (yes)	 Dental	 44.8%	 55.2%	 .041 
	 Hygiene	 57.5%	 42.5%
g. Cold sores can be transmitted through sexual intercourse. (yes)	 Dental	 62.0%	 38.0%	 .040 
	 Hygiene	 50.7%	 49.3%
General Knowledge Score 	 Dental	 5.11	 .387 
(=average sum score of correct responses to items a to g)**	 Hygiene	 5.24

If a person has cold sores, should he or she do any of the following  
to avoid transmission to other people?	

h. Wash hands more frequently. (yes)	 Dental	 58.8%	 41.2%	 .251 
	 Hygiene	 64.4%	 35.6%	
i. Avoid shaking hands. (yes)	 Dental	 18.7%	 81.3%	 .036 
	 Hygiene	 28.8%	 71.2%	
j. Avoid kissing on cheeks. (yes)	 Dental	 33.5%	 66.5%	 <.001 
	 Hygiene	 58.9%	 41.1%	
k. Avoid kissing on lips. (yes)	 Dental	 87.5%	 12.5%	 .465 
	 Hygiene	 89.0%	 11.0%	
l. Avoid sexual intercourse. (yes)	 Dental	 49.3%	 50.7%	 .149 
	 Hygiene	 41.1%	 58.9%	
m. Tell partner that they have cold sores. (yes)	 Dental	 80.7%	 19.3%	 .270 
	 Hygiene	 84.9%	 15.1%	
Knowledge About Transmission Score	 Dental	 3.28	 .051 
(=average sum score of correct responses to items h to m)	 Hygiene	 3.68	
Overall Knowledge Score 	 Dental	 9.48	 .300 
(=sum score of correct answers to all 13 knowledge items; 	 Hygiene	 9.79 
range from 0 to 13 correct answers)		

*Chi square tests were used to compare the percentages of dental vs. dental hygiene students who responded correctly vs. 
incorrectly to each single item.
**T-tests for independent samples were used to compare the dental and dental hygiene students’ average knowledge scores 
(=sums of correct answers to items a to g, h to m, and all 13 items).	   
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Objective 1 was to assess and compare dental 
and dental hygiene students’ knowledge, attitudes, 
and professional behavior concerning the treatment 
of patients with HSV infections. As can be seen in 
Table 1, the vast majority of the students knew that 
cold sores are caused by a virus (dental students: 94.3 
percent; dental hygiene students: 97.3 percent) and 
that they cannot be transmitted through tears (dental 
students: 89.7 percent; dental hygiene students: 91.8 
percent), but that they can be transmitted through 
kissing on the lips (dental students: 89.9 percent; 
dental hygiene students: 90.4 percent). However, 
only approximately five out of ten dental students 
and six out of ten dental hygiene students knew the 
prevalence rate of cold sores at any given time in the 
adult U.S. population. In addition, it is important to 
note that only 44.8 percent of the dental students and 
57.5 percent of the dental hygiene students knew that 
cold sores can be transmitted through hands and, 
even more strikingly, that only 18.7 percent of the 
dental students and 28.8 percent of the dental hygiene 
students knew that hand shaking should be avoided 
when a person has an HSV infection. Given the type 
of interactions between student providers and their 
patients, it is quite likely that the providers will shake 
patients’ hands when they first meet their patients in 
the waiting area and are not yet wearing protective 
gloves—a behavior that can put the students and their 
patients at risk for the transmission of cold sores if 
either has one at that time.

Concerning the comparison of the number of 
correct responses of dental and dental hygiene stu-
dents, Table 1 shows that dental and dental hygiene 
students did not differ in their average number of 
correctly answered questions overall (out of thirteen 
correct responses: mean of dental students=9.48; 
mean of dental hygiene students=9.79; p=.300). How-
ever, dental hygiene students had significantly more 
correct responses than dental students concerning the 
behaviors that should be used to avoid the transmis-
sion of the disease to other persons (3.68 vs. 3.28; 
p=.051). Specifically, dental hygiene students were 
more likely than dental students to know that casual 
behaviors such as shaking hands could transmit this 
virus (percentages of correct responses: 57.5 percent 
versus 44.8 percent; p=.041) and that hand shaking 
should be avoided (28.8 percent vs. 18.7 percent; 
p=.036). 

The results concerning the attitudinal state-
ments showed that while, overall, only 22.3 percent 
of the students agreed or agreed strongly that they 
were uncomfortable when treating patients with cold 

sores, about one third of the students (33.8 percent) 
were concerned about getting infected (see Table 
2). A comparison of the responses of dental hygiene 
versus dental students showed that, on average, 
dental hygiene students agreed more strongly with 
these two statements and were thus more apprehen-
sive than dental students (on a five-point scale with 
1=disagree strongly and 5=agree strongly: mean of 
dental hygiene students=3.28 vs. mean of dental 
students=2.65; p<.001). 

Concerning the responses about professional 
behavior when treating patients with cold sores, it 
was found that overall approximately eight out of 
ten students indicated that they check the patient his-
tory for information about cold sores (76.7 percent), 
and nine out of ten that they use proper infection 
control (92.5 percent). However, only two thirds 
of the students agreed or strongly agreed that they 
would educate their patients with cold sores about 
these infections (67.6 percent). A comparison of the 
responses of the dental versus dental hygiene students 
showed that, on average, the dental hygiene students 
agreed more strongly than the dental students with 
the statements concerning the three professional be-
haviors when treating patients with cold sores (4.35 
vs. 4.14; p=.008). While it is appropriate professional 
behavior to not treat a patient with a cold sore, only 
40.1 percent of dental students but 69.4 percent of 
dental hygiene students agreed or strongly agreed 
with the statement that they might not treat the patient 
on this day.

In addition to assessing and comparing dental 
and dental hygiene students’ knowledge, attitudes, 
and professional behavior overall, it is also worth-
while to study whether there is a positive trend over 
the course of the students’ educational programs. 
To be able to compare dental and dental hygiene 
students’ responses over the course of the two pro-
grams, the responses of the first- and second-year 
dental students had to be combined because the den-
tal hygiene students spend only three years of their 
professional education in the dental hygiene program 
after completing a year of general college education. 
As shown in Table 3, while the senior dental students’ 
overall knowledge score (here described as “Year 
3”) was higher than the junior dental students’ score 
(“Year 2”), the first- and second-year dental students 
(“Year 1”) had the lowest score (number of correct 
responses: first- and second-year dental students: 
9.23; junior dental students: 9.69; and senior dental 
students: 10.03; p=.034). However, the dental hygiene 
students showed a different pattern of responses, with 
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the junior students having the highest percentage of 
correct responses overall (first-year dental hygiene 
students: 9.04; junior dental hygiene students: 11.36; 
and senior dental hygiene students: 9.81; p=.028). 

Concerning the attitudinal responses, it was 
found that the average apprehensiveness of the first- 
and second-year dental students was the lowest, while 
the scores of the junior dental students were higher 
and the scores of the senior dental students were 
relatively the highest scores (on a five-point scale 
with 5 indicating “most apprehension”: mean of the 
first- and second-year dental students=2.48; mean of 
the junior dental students=2.85; mean of the senior 

dental students=2.95; p=.002). The average attitude 
scores of the dental hygiene students in Years 1, 2, and 
3 did not differ significantly in their attitudes (Year 
1: 3.21; Year 2: 2.86; Year 3: 3.45; p=.264). 

However, there was a tendency for the dental 
hygiene students to have the highest professional 
behavior score in Year 3 of their program compared 
to the students in Year 1 and Year 2 (Year 1: 4.24; 
Year 2: 4.09; Year 3: 4.52; p=.071). While the senior 
dental students had a higher professional behavior 
score (mean=4.21) than the junior (mean=4.01) and 
first- and second-year dental students (mean=4.16), 
this comparison was not significant (p=.108). 

Table 2. Percentages of dental and dental hygiene students’ responses to the items concerning their attitudes and  
professional behavior when treating patients with cold sores

Attitudinal statements*

 		  1	 2	 3	 4	 5	 Mean (SD) 
When I treat a patient with		  Disagree				    Agree 
a cold sore,		  Strongly 	 Disagree	 Neutral	 Agree	 Strongly	 p**

I feel uncomfortable.	 Dental	 22.7%	 28.8%	 30.3%	 12.1%	 6.1%	 2.50 (1.147) 
	 Hygiene	 9.9%	 14.1%	 32.4%	 29.6%	 14.1%	 3.21 (1.153) 
	 All	 20.6%	 26.3%	 30.8%	 15.0%	 7.3%	 (p<.001)

I am concerned about getting	 Dental	 17.6%	 24.6%	 26.7%	 22.2%	 8.8%	 2.80 (1.221) 
infected.	 Hygiene	 9.9%	 12.7%	 29.6%	 26.8%	 21.1%	 3.35 (1.235) 
	 All 	 16.3%	 22.6%	 27.3%	 22.8%	 11.0%	 (p=.001)

Average Attitude Score	 Dental	 -	 -	 -	 -	 -	 2.65 (1.062) 
	 Hygiene						      3.28 (1.063) 
							       (p<.001)

Professional behaviors

When I treat a patient with  
a cold sore,

a. I check the patient history.	 Dental	 2.7%	 3.3%	 18.4%	 40.4%	 35.2%	 4.02 (.957) 
	 Hygiene		  4.2%	 15.3%	 22.2%	 58.3%	 4.37 (.882) 
	 All 	 2.2%	 3.5%	 17.6%	 37.2%	 39.5%	 (p=.005)

b. I use proper infection control.	 Dental	 0.9%	 1.5%	 6.0%	 16.8%	 74.8%	 4.63 (.744) 
	 Hygiene		  1.4%	 1.4%	 12.7%	 84.5%	 4.80 (.525) 
	 All	 .7%	 1.5%	 5.2%	 16.1%	 76.4%	 (p=.028)

c. I want to educate them about 	 Dental	 1.5%	 9.9%	 22.2%	 44.1%	 22.2%	 3.76 (.959) 
cold sores.	 Hygiene	 1.4%	 9.7%	 15.3%	 43.1%	 30.6%	 3.90 (.988) 
	 All 	 1.5%	 9.9%	 21.0%	 44.1%	 23.5%	 (p=.252)

Average Behavior Score 	 Dental	 -	 -	 -	 -	 -	 4.14 (.629) 
(items a, b, c):  	 Hygiene						      4.35 (.624) 
							       (p=.008)

I might not treat the patient on 	 Dental	 26.8%	 17.2%	 16.0%	 21.1%	 19.0%	 2.88 (1.485) 
this day.	 Hygiene	 2.8%	 8.3%	 19.4%	 22.2%	 47.2%	 4.03 (1.127) 
	 All 	 22.6%	 15.6%	 16.6%	 21.3%	 23.8%	 (p<.001)

*All answers were given on five-point scales with 1=disagree strongly and 5=agree strongly. 
**T-tests for independent samples were conducted to test whether the dental and dental hygiene students’ average answers were 
significantly different.
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Concerning the responses to the statement “I 
might not treat the patient on this day,” which indi-
cates appropriate professional behavior, an interaction 
effect between the two factors “Year in Program” 
and “Type of Program” was found. While the first- 
and second-year dental students disagreed with this 
statement on average, and the junior dental students 
were on average neutral, the senior dental students 
agreed with this appropriate statement on average 
(first- and second-year dental students: 2.41; junior 
dental students: 3.12; senior dental students: 4.08; 
p<.001). However, the dental hygiene students in the 
three years of the program did not differ significantly 
in their responses (Year 1: 3.96; Year 2: 4.18; Year 3: 
4.00; p=.861). This different pattern of responses of 
the dental and the dental hygiene students resulted in 
a significant interaction effect of the two factors “Type 
of Program” and “Year in Program” (p<.001). 

Objective 2 was to investigate the relationships 
among knowledge, attitudes, and professional behav-
ior concerning treating patients with cold sores. As 
shown in Table 4, the more knowledge the students 
had, the more apprehensive they became overall 

(r=.230; p<.001). However, this relationship was not 
found when the data for the dental hygiene students 
were analyzed separately. 

While there was no significant relationship be-
tween knowledge and overall professional behavior, 
the overall knowledge score did correlate signifi-
cantly with responses to the statement “I might not 
treat the patient on this day.” The more knowledge the 
students had, the more likely they were to agree with 
this appropriate statement (r=.200; p<.001). 

In addition, there was a significant relationship 
between the students’ level of apprehension about 
treating patients with cold sores and their profes-
sional behavior. The more apprehensive the students 
were about treating patients with cold sores, the more 
they agreed that they engaged in appropriate profes-
sional behavior (r=.209; p<.001), and the more likely 
they were to agree with the correct statement that 
they would not treat the patient on this day (r=.476; 
p<.001). Not surprisingly, there was a strong cor-
relation between the overall behavior score and the 
responses to the statement “I might not treat the 
patient on this day” (r=.726; p<.001).

Table 3. Dental and dental hygiene students’ knowledge, attitudes, and professional behavior scores in the different 
years of the program

	 Year 1*	 Year 2	 Year 3	 Main Effect  
				    “Time”

Overall Knowledge	 All: 9.21	 All: 9.91	 All: 9.95	 p=.004 
	 Dental: 9.23	 Dental: 9.69	 Dental: 10.03	 p=.034 
	 Hygiene: 9.04 	 Hygiene: 11.36	 Hygiene: 9.81	 p=.028 
			   (p=.065)**	

Average Attitude Score	 All: 2.56	 All: 2.85	 All: 3.13	 p=.055 
	 Dental: 2.48	 Dental: 2.85	 Dental: 2.95	 p=.002 
	 Hygiene: 3.21	 Hygiene: 2.86	 Hygiene: 3.45	 p=.264 
			   (p=.216)**

Average Behavior Score	 All: 4.20	 All: 4.05	 All: 4.37	 p=.023 
	 Dental: 4.16	 Dental: 4.01	 Dental: 4.21	 p=.108 
	 Hygiene: 4.24	 Hygiene: 4.09	 Hygiene: 4.52	 p=.071 
			   (p=.422)**
	

I might not treat the patient on this day.***	 All: 3.19	 All: 3.65	 All: 4.04	 p<.001 
	 Dental: 2.41	 Dental: 3.12	 Dental: 4.08	 p<.001 
	 Hygiene: 3.96	 Hygiene: 4.18	 Hygiene: 4.00	 p=.861 
			   (p<.001)**	

*Note that the dental hygiene students are admitted after their first year of undergraduate education and therefore spend only 
three years in the dental hygiene program. In order to compare the dental and dental hygiene students’ responses over the 
course of the programs, the first- and second-year dental student data were combined and compared with the sophomore dental 
hygiene student data under Year 1, the third-year dental student data and the junior dental hygiene data were compared under 
Year 2, and the fourth-year dental student data and the senior dental hygiene student data were compared under Year 3.
**These values are the significance levels for the interaction effects “Time x Type of Student” for all students.
***Answers were given on a five-point scale with 1=disagree strongly and 5=agree strongly.
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Discussion
Concerning the objective to assess and compare 

dental and dental hygiene students’ knowledge, at-
titudes, and professional behavior, some surprising 
results were found. First of all, it is quite noteworthy 
that only three out of four students knew that cold 
sores can be transmitted through saliva and that even 
fewer students were aware that they can be transmit-
ted through contacts with hands (dental students: 44.8 
percent; hygiene students: 57.5 percent) and that hand 
shaking should therefore be avoided (dental students: 
18.7 percent; hygiene students: 28.8 percent). This 
lack of specific knowledge is alarming because it can 
put student providers and patients at risk for infec-
tions and can be especially problematic if a patient 
or provider is immunocompromised.19 This lack of 
knowledge together with the finding that over 40 
percent of the hygiene students and nearly half of 
the dental students underestimated the prevalence 
of the disease within the population should alert 
dental educators to ensure that dental and dental 
hygiene students are educated appropriately about 
HSV infections. This is especially critical because a 
significant percentage of dental students might not 
yet have acquired the antibodies to this virus.37 

It is conceivable that the relative lack of knowl-
edge concerning HSV infections is related to the fact 
that the herpes simplex virus is mostly latent and 
often does not cause any overt disease presentations. 
It could be that, in the case of other infectious and 
communicable diseases such as AIDS, attention is 

drawn to the disease because of the increased mor-
bidity and mortality, which might affect students’ as-
sumptions about its transmissibility and the infectious 
nature of the disease. While this might increase the 
likelihood of taking more precautions when treating 
patients with these other infections, students should 
be made aware that the transmissibility of the her-
pes simplex virus is far more likely.16-18,23,24 Dental 
and dental hygiene students need to be aware of the 
research that demonstrated the risk of transmission 
of HSV in dental clinics,25-30 as well as the findings 
that the incidence of herpetic whitlow was found 
to be higher in dental personnel than the general 
population.31,32 Students should be made aware that 
certain dental materials, notably acrylic monomer, 
chloroform, and orange solvent, all rendered latex 
gloves permeable to HSV in research conducted by 
Richards et al.33 While there is conflicting evidence 
concerning the viability of HSV virus after disin-
fection,34 it is crucial to inform students about the 
findings by Epstein et al., who recovered infectious 
HSV virions for up to two hours from door handles 
that were inoculated with HSV-1 in saliva or water35 
(see also Bardell36), and that HSV-1 also survived in 
a patient’s dental chart for several hours.29 Dental and 
dental hygiene educators need to use these research 
findings as incentives to ensure that all future oral 
health care providers are educated comprehensively 
about these seemingly innocuous infections and the 
problems they can cause. 

In addition, by educating our students about 
this viral transmission and the prevention of HSV 

Table 4. Correlations among knowledge, attitudes, and professional behavior scores

	 Overall	 Average	 Average 
	 Knowledge Scores 	 Attitude Scores	 Behavior Scores

Average Attitude Scores:
   Dental Students     	�����������������  r=.274 (p<.001)��		   
   Dental Hygiene Students 	������������������  r=-.004 (p=.976)��		   
   All Students        	���������������  r=.230 (p<.001)

Average Behavior Scores:
   Dental Students     	 r=.076 (p=.169)	 r=.160 (p=.004) 	  
   Dental Hygiene Students  	 r=-.031 (p=.799)	 r=.299 (p=.012)	  
   All Students        	 r=.064 (p=.205) 	 r=.209 (p<.001)

I might not treat the patient on this day.*
   Dental Students    	 r=.219 (p<.001)	 r=.482 (p<.001)	 r=.701 (p<.001) 
   Dental Hygiene Students  	 r=.043 (p=.721)	 r=.208 (p=.084)	 r=.748 (p<.001) 
   All Students        	 r=.200 (p<.001)	 r=.476 (p<.001)	 r=.726 (p<.001)	
*Answers were given on a five-point scale with 1=disagree strongly and 5=agree strongly.
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infections, their awareness concerning the transmis-
sion of other infectious and communicable diseases, 
which might be less prevalent but more serious, 
could potentially be raised. While the majority of 
students in this study were aware that the virus can be 
transmitted through kissing, more students focused 
on the prevention of the transmission by kissing on 
the lips versus cheeks. This finding can perhaps be 
explained as the perception of direct contact with the 
lesion, which is usually in the circumoral area rather 
than the cheeks. However, if the students had a more 
comprehensive understanding of the transmission 
process, they might become aware that viral shedding 
and the transmission of a virus can occur even after 
healing through contact with secretions. The students 
should therefore not assume that kissing the cheek or 
shaking hands is safe, although it may be less risky. 
Only roughly half of the respondents were aware 
that the virus can be spread through hands, and even 
lower percentages knew that hand shaking should be 
avoided when a patient (or provider) has a cold sore. 
This finding is surprising and highlights the rather 
complacent nature with which these lesions may be 
viewed by some of our students. 

In addition, it is worthwhile to reflect on the 
fact that the answers concerning the transmission of 
the virus through sexual intercourse were ambiguous 
and that not all students considered it necessary to 
inform their partners if they had cold sores. While 
this finding is likely to be related to the fact that a 
stigma is attached to having this disease and that the 
students do not want to be identified as harboring 
the virus, this result raised serious concerns about 
the ethical issues involved.

Overall, the dental hygiene students were more 
knowledgeable than the dental students about both 
the transmission and prevention of the transmission 
of the virus. However, along with this increased 
knowledge came a raised concern about treating 
these patients. Could it be that increased informa-
tion about HSV infections (and infections with other 
viruses) without a more complex discussion of the 
issues around professionalism could lead to more 
apprehension and a generally less positive attitude 
concerning the treatment of these patients? It is pos-
sible, if not likely, that increasing knowledge per se 
might not result in a true understanding of the disease 
process, its transmission, and the prevention of its 
transmission and thus might not result in an honest 
commitment to provide the best possible care for 
patients with these infections. As depicted in Figure 
1, it might be that efforts to increase knowledge 

need to be paired with efforts to raise awareness of 
the complexity of treating these patients if a true 
understanding is to result. Based on this humanistic 
model of professional education,38 it is predicted 
that an increase in knowledge alone will not result 
in true expertise when providing care nor in a solid 
understanding of the complexities of the disease nor 
a commitment to provide the best possible care for 
patients with these infections. Considering this model 
and its predictions, it is therefore not surprising that 
the correlations between the knowledge scores and 
the overall professional behavior scores were not 
significant, while the apprehensiveness about treating 
these patients was correlated with more appropriate 
professional behavior. One might draw the conclusion 
that the students’ professional behavior was related to 
their apprehension about infections, and not driven by 
a solid understanding of the disease process or their 
understanding of the transmission of the disease and 
prevention of the transmission. Such an interpreta-
tion of the findings raises serious concerns about the 
students’ future professional commitment and even 
their ability to provide the best possible professional 
care for patients with infectious and communicable 
diseases. 

Concerning changes over the course of the two 
programs, it is interesting to note that the average 
knowledge of the three groups of dental students 
differed in the predicted manner, while the junior 
dental hygiene students’ knowledge score was sur-
prisingly high compared to the average scores of all 
other groups. This finding may be due to the fact that 
fewer than half of the junior dental hygiene students 
responded to the survey and that this group of respon-
dents might have been self-selected based on their 
knowledge scores. However, this finding highlights 
the fact that this study was cross-sectional in design, 
so caution should be applied when interpreting dif-
ferences among the three groups of students in each 
program. 

Finally, it is worthwhile to mention that only 
twenty-seven of the 337 dental students (8.1 percent) 
indicated that they had cold sores and sixteen of the 
seventy-three dental hygiene students (22.9 percent) 
responded that they had cold sores (p<.001). However, 
personal experiences with cold sores did not affect 
the student’s knowledge, attitudes, or professional 
behavior. This finding could be because cold sores 
usually do not have high morbidity, which might re-
sult in patients being less likely to seek professional 
help where they might receive information about the 
disease. However, this finding should alert dental and 
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dental hygiene educators even more urgently to the 
fact that their students need to be educated about the 
disease, because these student providers might have 
cold sores and their ignorance concerning the trans-
mission of the virus might put their patients at risk. 

Limitations
The generalizability of the findings from this 

study may be limited because the data were collected 
from dental and dental hygiene students at only one 
institution, the University of Michigan School of 
Dentistry. While the dental school classes have quite 
large numbers of students (over 100 per class), the 
dental hygiene classes are relatively smaller (around 
thirty per class), which should be a caution against 
overgeneralizing the findings. 

Conducting this study in a longitudinal format 
would have shed more light on the process of educat-
ing students about HSV infections and other infec-
tious and communicable diseases. A cross-sectional 
design limits the generalizability of the findings 
because a particular class may be more knowledge-
able per se or may just have received information 

about these issues, which could affect their level of 
current knowledge.

Finally, one additional limitation concerning 
the interpretation of the findings may be that the 
knowledge questions were not open-ended, but had 
a true/false or yes/no answer format, which allowed a 
50 percent chance of guessing the correct response. In 
future studies, it could be helpful either to use open-
ended knowledge questions or to at least use multiple 
choice questions with five answer alternatives, which 
would reduce the probability of guessing a correct 
answer to 20 percent. 

Conclusions
The results of this study should alert all educa-

tors of future dental care providers to consider how 
their students are educated about providing care for 
patients with HSV infections and, more importantly, 
patients with infectious and communicable diseases 
in general. Specifically, this study showed that
•	 not all students had the knowledge they needed to 

provide the best possible care for patients if either 
they or the patient had a cold sore;

Figure 1. The humanistic model of professional education
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•	 with an increase in knowledge may come an 
increase in apprehension about treating patients 
with cold sores. It seems therefore crucial to ad-
dress the treatment of patients with infectious and 
communicable diseases not just by providing basic 
information, but by framing this information in 
the larger context of professional education and 
the students’ role as professionals and health care 
providers; and

•	 increased knowledge did not necessarily lead to 
more appropriate professional behavior, while 
increased apprehension did. These findings again 
seem to point to the importance of having a com-
prehensive approach to educating future dental 
care providers. As the model of humanistic edu-
cation38 suggests, only by increasing knowledge, 
raising awareness for the issues involved, and 
engaging the students in concrete skills training 
can we assume that they gain a true understanding 
of the issues, develop solid expertise when provid-
ing care, and will show a genuine commitment to 
providing the best possible care for their patients 
in the future.

In summary, these findings should stimulate re-
flection about whether our students receive sufficient 
education about HSV infections to provide the best 
possible care for their future patients. Additionally, 
it should stimulate discussion of how this education 
is structured to enable our future dental care provid-
ers to understand the issues involved, function as 
experts when treating their patients, and have a solid 
commitment to providing the best possible care for 
all patients, independent of whether they have an 
infectious and communicable disease or not. 
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