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INTRODUCTION
The spread of acute respiratory infections (ARI) is 
of great concern in the United States population, 
especially during certain seasons, due to its impact 
on loss of time at work or school, and associated 
medical costs (Monto 1994, Fendrick 2001, Fen-
drick et al. 2003). More severe cases such as febrile 
acute respiratory diseases (ARD), defi ned by hav-
ing acute respiratory infection symptoms and fever 
greater than 100.5 degrees Fahrenheit, require iso-
lation from apparently healthy populations. Severe 
cases can require hospitalization, or may even cause 
permanent impairment or death (Thompson et al. 
2003). This is of particular concern in the military 
because maintaining a healthy, well-trained force 
is required to accomplish its mission. Higher rates 
of many acute respiratory infections are found in 
military trainee populations. Controlling ARIs in 
densely populated military settings is a signifi cant 
challenge (Amundsen and Weiss 1994).

There are many different pathogens which can 
cause ARIs and there are many variables that impact 

their spread. These variables include age, general 
health, stress level and the amount and type of con-
tact with other people. In the case of the military, 
there are unique variables which have been associ-
ated with an increase in the spread of ARIs. Two 
of these are the close quarters in military housing 
and the stress level on the personnel during intensive 
training or exercises (Wenzel et al. 1971, Brundage 
et al. 1988, White 2004). Learning how military 
housing arrangements and heating, ventilating and 
air conditioning (HVAC) systems used in military 
buildings impact the spread of ARIs is of interest to 
the military, and may have implications for other 
settings where large numbers of susceptible individ-
uals may congregate. 

A recent study was performed at Fort Jackson in 
Columbia, SC, on the spread of infectious diseases 
during basic training (White 2004). Fort Jackson is 
considered to be a very important test site as it is the 
largest Army basic combat training facility in the 
United States and one of only two that are gender 
integrated (DOD 2000). The basic combat training 
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program there is similar to other training programs 
throughout the United States military (DOD 2003). 
Thus, the research fi ndings from Fort Jackson could 
be representative of other military training sites. 

The study by White (2004) investigated the rates of 
clinically diagnosed ARI cases (CD) and medical 
quarters admission ARI cases (MQA) over a four-
month period in a population undergoing basic com-
bat training at Fort Jackson. CD cases are afebrile and 
the personnel returned to their units on the day of their 
diagnosis, while personnel with febrile MQA cases are 
removed from their training unit for at least one day. 
This study investigated many factors that could impact 
the risk of acquiring an acute respiratory infection, 
such as the number of persons in a room in a barrack, 
the person’s bunk location in that room, the week of 
training, and other personal factors such as past smok-
ing habits and number of individuals living in their 
household immediately prior to joining the Army. 

There have been many studies in the past about 
the modes of spreading these types of infectious dis-
eases (Monto 2002, Roy and Milton 2004). Typi-
cally, respiratory infections are thought to be spread 
by three main modes of transfer: direct contact, 
indirect contract and airborne transmission. Direct 
contact is when an infected person either touches 
or coughs directly on to another person. Indirect 
contact is when an infected person either coughs 
or touches other surfaces which then come in con-
tact with another person. Airborne transmission is 
when small pathogens or infected particles remain 
airborne, or become airborne and eventually are 
breathed in by others. Understanding the modes 
by which ARIs spread is important for developing 
methods for prevention and for designing facilities 
with lowered risk. However, determining the rela-
tive importance of these modes is very challenging. 
For instance, airborne pathogens might be inhaled 
(airborne transmission), but might also contaminate 
surfaces resulting in indirect transmission (Monto 
2002). In the referenced study at Fort Jackson, it is 
obvious that an increase in the number of persons 
living within the same room should increase the po-
tential for any of the three modes of transmission. 

The question on how much each of the three 
modes contributes in the various possible scenarios 
is of interest and has not been resolved in many 
cases. Much of the focus in prevention has been 

with respect to the two contact modes and not the 
airborne mode of transmission. The purpose of this 
study is to evaluate if there may be a significant 
contribution to the spread of ARIs in these types of 
settings via the airborne pathway. One additional 
reason to focus on airborne transmission is that the 
smaller particles/pathogens are those most likely to 
remain airborne, and are also those most likely to be 
deposited more deeply within the human respiratory 
system (De Nevers 2000). Particles deposited in the 
deep lung are not as effectively cleared and therefore 
would be of greater concern. 

If airborne transmission signifi cantly contributes 
to the spread of ARIs, there is the potential for these 
airborne pathogens to be spread from space to space 
by way of HVAC systems. This potential would in-
dicate that there is a need for further research and 
development with respect to HVAC systems and 
the ARI pathogens in order to decrease the spread 
of acute respiratory diseases in military housing, 
as well as other facilities with numerous occupants 
such as hospitals, offi ce buildings and schools.

METHODOLOGY
The data in the study by White (2004) was taken 
from a group of soldiers undergoing basic com-
bat training at Fort Jackson from February to May 
2004, and included both men and women between 
the ages of 17 and 41 years (43% of the trainees at 
Fort Jackson are women). The soldiers were of many 
races and ethnicities. The rates of clinically diag-
nosed ARI cases (CD) and medical quarters admis-
sion ARI cases (MQA) were collected using hospital 
ICD-9 diagnosis codes over this four-month period. 
Environmental data such as carbon dioxide con-
centration, relative humidity, and distance between 
bunks were collected in buildings. Demographic data 
were self reported by trainees who signed informed 
consent forms and volunteered to participate in the 
study. White performed several statistical analyses 
on the rates of CD and MQA cases with respect to 
several independent variables including the number 
of bunks in a room and demographic/personal data 
such as past smoking habits. The analyses were fur-
ther analyzed by gender. Although some information 
on the HVAC systems was contained in the work by 
White, analyses were not performed with respect to 
different HVAC confi gurations.
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Of interest in this current analysis is the relation-
ship between barrack type and HVAC confi gura-
tion to the incidence rates of these upper respiratory 
infections, and the possible inf luence of airborne 
transmission on these rates. Two variables of partic-
ular interest are the average room occupancies in each 
barracks type and the average contact population in 
the HVAC confi guration. Average room occupancy is a 
variable White also analyzed. It represents the aver-
age number of bunks in a dormitory room in a par-
ticular barrack type. The average contact population 
in the HVAC configuration (HVAC contact popu-
lation) is the unique independent variable further 
analyzed here. It represents the sum of the dormi-
tory room occupancies which share return air from 
multiple rooms that is mixed together in the HVAC 
system and distributed back to rooms as supply air. 
The average room occupancy is a variable which 
may have an impact on all three modes of transmis-
sion within a single dormitory room. The HVAC 
contact population is the population of people who 
may also contact an ARI via an additional airborne 
mode of transmission related to the HVAC system, 
especially if it is greater than the average dormitory 
room population, i.e. supply air contains return air 
from more than one dormitory room. 

The three barrack/HVAC types studied had the 
following characteristics:

New Starship with Retrofi tted HVAC 
• There were four such barracks in the study. 
• Each barrack had two ‘pods’ which would house 

a typical military unit of approximately 240 
trainees (design occupancy).

• Each pod was a separate wing in the barrack.
• Each pod had four separate dormitory rooms 

with design occupancies of 60.
• During the study each the dormitory rooms in 

these barracks had a median occupancy of 55 
(SD = 4.56, Maximum = 64, Minimum = 28).

• There were two HVAC systems which were not 
independent of each other and which combined 
return air from all four of the 60-person dormi-
tory rooms in each pod and associated support 
rooms. 

• The returns were ducted with VAV (variable air 
volume) boxes.

• There was upgraded fi ltration (two-stage, both 
30% and 90–95%) for each pod.

• The HVAC system could either heat or cool all 
year round and would switch modes based on 
interior temperatures.

• Air fl ow patterns were dependent on CO2 moni-
tors in the dormitory rooms and would mix fresh 
air and return air based on these levels.

• The dormitory rooms were more air-tight to 
increase energy effi ciency. Of particular note 
were the windows which were designed not to be 
opened by the occupants.

Old Starship 
• There were two such barracks in the study.
• Each barrack had six ‘pods’ which would house 

a typical military unit of approximately 240 
trainees (design occupancy).

• Each pod was a pair of separate wings in the 
barrack.

• Each pod had four separate dormitory rooms 
with design occupancies of 60.

• During the study each the dormitory rooms in 
these barracks had a median occupancy of 53 
(SD = 10.88, Maximum = 69, Minimum = 30).

• There were two HVAC systems which were in-
dependent of each other and separately serviced 
one of the two wings in each pod. Each of these 
HVAC systems combined return air from the 
two 60-person dormitory rooms in each wing 
and associated support rooms. 

• There were single-stage 30%-effi ciency fi lters for 
each system.

• The HVAC systems operated in either heating 
mode or cooling mode which were set based on 
the outside weather conditions.

• The HVAC systems operated based on thermo-
stat sensors.

• The windows could be opened by the occupants.

3-Story Brick (Rolling Pin design) 
• There were ten such barracks in the study.
• Each barrack would house a typical military 

unit of approximately 250 trainees (design 
occupancy).

• Each barrack had thirty 8-person dormitory 
rooms and some 2 and 4 person dormitory 
rooms at the ends.

• During the study each of the dormitory rooms 
in these barracks had a median occupancy of 7 
(SD = 1.03, Maximum = 8, Minimum = 4).
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• There were two different HVAC system confi gu-
rations and all operated independently of each 
other. Some of these barracks had one HVAC 
system for one half of the building, including 
half of the dormitory rooms and some shared 
offi ce space on the fi rst fl oor. Some of these bar-
racks had one HVAC system for half of each 
fl oor. The second and third fl oor systems ser-
viced half of the dormitory rooms on each fl oor 
respectively. Each of these HVAC systems com-
bined return air from the dormitory rooms that 
it serviced. 

• There were single-stage 30%-effi ciency fi lters for 
each system.

• The HVAC systems operated in either heating 
mode or cooling mode which were set based on 
the outside weather conditions.

• The HVAC systems operated based on thermo-
stat sensors.

• The windows could be opened by the occupants.
• Supply air is provided in each room with return 

air going into a central hallway on that half of 
the building where it is vented at each end of the 
building. Showers and toilets are located in the 
center of each fl oor. Only the second and third 
fl oors are used for sleeping.

The room occupancies and HVAC contact oc-
cupancy information for each type is summarized in 
Table 1. The dormitory rooms housed either males or 
females but not both simultaneously. Note that the 
female-occupied rooms in the starship style barracks 
tended to have substantially lower occupancies than 
the male. This was a result of the relative number of 

each gender in basic training and military require-
ments that training be gender integrated but living 
environments (sleeping areas and latrines) be segre-
gated by gender. Females represented 37.5% of the 
study population. In the case of the starship barracks 
each gender integrated military training unit was 
given four 60-person barracks dormitory rooms. If 
the ratio of males/females did not easily separate into 
available rooms (i.e., 25 or 50 percent female), then 
either occupancy exceeded the 60-person capacity, or 
an additional room was used. In these situations in-
vestigators observed a tendency to overcrowd males. 

Because the outcomes of interest were counts of 
the number of cases, Poisson regression was used to 
model this as a function of barrack type. Analyses 
were stratifi ed by gender, with models adjusting for 
week of training. The outcomes were reported as 
rate ratios. Rate ratios are the adjusted ratios of inci-
dences of either CD or MQA cases based on Poisson 
regression for the number of reported cases for a pair 
of values of an independent variable, e.g. building 
type. White (2004) compared these outcomes to the 
average dormitory room occupancies in each build-
ing type by use of these rate ratios. This analysis 
looks also at the average HVAC contact occupancy 
for each building type.

RESULTS
The rate ratios (RR) and corresponding 95% confi -
dence intervals comparing the types of barracks in 
which the recruits resided are given in Tables 2 and 
3 for the CD and MQA cases respectively. These re-
sults are based on 3700 total reported CD cases and 
1705 reported MQA cases.

TABLE 1. Summary of Average Room and HVAC Contact Occupancies (White 2004).

Gender Barracks
Average Room 

Occupancy
Average HVAC Contact 

Occupancy

Male New Starship >55* >220**

Female New Starship <55* <220**

Male Old Starship >53* >106**

Female Old Starship <53* <106**

Male 3 Story Brick 7 53 or 105

Female 3 Story Brick 7 53 or 105

*Female rooms tended to be less crowded.
**Female room pairings would have lower average HVAC contact occupancies than male room pairings.
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DISCUSSION
Specifi c comparisons of barracks types, as depicted 
in Tables 2 and 3, can be used to address points of 
interest. As noted by White (2004), the new starship 
barracks and the 3-story brick barracks differ mark-
edly in average room occupancies, thus increased 
febrile and afebrile ARI incidence rates observed 
in both genders indicate greater crowding in living 
space may be associated with greater ARI incidence. 
For example, Table 3 indicates that there are ap-
proximately twice as many MQA cases in any given 
time period in the new starship barracks than in the 
3-story brick barracks. This result holds for both 
males and females. A similar result is seen in Table 
2 for CD cases, although the relative increase in the 
starship barracks is smaller than for MQA cases. A 
similar situation occurs in the comparison of the old 
starship barracks to the 3-story brick barracks, but 
the difference is not as marked for the females. In 
fact, the female rate ratio for CD cases is near one, 
indicating a negligible difference, even with the large 
variation in potential direct and indirect contacts as 
indicated by the average room occupancies in these 
two barrack types. 

White (2004) attributes some of this variation to 
the crowding levels found in the starship dormitory 
rooms experienced by the male trainees and also to 
possible variations in personal experiences between 
the two genders. However, as mentioned, there are 
also variations in the potential for airborne trans-
mittal of ARIs between the barracks types via the 
HVAC systems. The new starship and old starship 
barracks each have approximately the same average 
room occupancy, but differ markedly in number 
of recruits contacted per HVAC system. Thus, the 
signifi cant results for females at both levels of ARI 
indicate that greater numbers of recruits in con-
tact with a given HVAC system is associated with 
greater numbers of ARIs. No such relationship was 
seen for males.

CONCLUSIONS
As previously noted by White (2004), these results 
indicate the number of trainees in a barrack room 
may impact the risk of both febrile and afebrile acute 
respiratory infection transmission. This can be seen 
in the data presented in Tables 2 and 3, where each 
of the starship barracks are compared to the older 

TABLE 2. Rate Ratios of Clinically Diagnosed (CD) Afebrile ARI Cases in Barracks at Fort Jackson during Basic Training. 

Gender Barracks Compared to Rate Ratio 95% Confidence Interval

Male New Starship 3 Story Brick 1.47 1.23 1.76

Female New Starship 3 Story Brick 1.32 1.13 1.55

Male Old Starship 3 Story Brick 1.41 1.20 1.65

Female Old Starship 3 Story Brick 1.07 0.88 1.29

Male New Starship Old Starship 1.05 0.93 1.18

Female New Starship Old Starship 1.23 1.05 1.46

TABLE 3. Rate Ratios of Medical Quarters Admitted (MQA) Febrile ARI Cases in Barracks at Fort Jackson during 
Basic Training.

Gender Barracks Compared to Rate Ratio 95% Confidence Interval

Male New Starship 3-Story Brick 1.98 1.47 2.67

Female New Starship 3-Story Brick 2.07 1.54 2.78

Male Old Starship 3-Story Brick 2.05 1.56 2.70

Female Old Starship 3-Story Brick 1.56 1.11 2.20

Male New Starship Old Starship 0.96 0.79 1.18

Female New Starship Old Starship 1.32 1.04 1.69
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3-story brick barracks. The starship barracks have 
60-person rooms and the older 3-story brick bar-
racks have mainly 8-person rooms and a few rooms 
with fewer than 8 persons. 

As studied herein, the results also suggest that 
there is a signifi cant potential for airborne transmis-
sion of ARIs via the HVAC systems as can be seen 
in the results for the female population in Tables 2 
and 3, where the new starship barracks with four-
room contact via the return air in the HVAC sys-
tem is compared to the old starship barracks which 
have HVAC systems that are dedicated to two 60-
person rooms.

The second item to analyze in these results is the 
fact that the incident rates for the males did not ap-
pear to change signifi cantly between the two star-
ship barrack types which had the different levels 
of HVAC contact, but similar room occupancies. 
One reason for this might be related to the higher 
incidences of the direct and indirect contact modes 
which may have occurred for the males in both of 
the starship barracks in more crowded room condi-
tions, effectively masking other less prevalent modes 
of transmission. For both CD and MQA cases, the 
rate ratios for males in the old starship barracks as 
compared to the 3-story brick barracks are much 
higher than for the females, and nearly identical to 
the rate ratios for the males comparatively between 
the two starship types. As previously noted, the males 
in the old and new starship barracks are, on average, 
more crowded than the females in the rooms. With 
this higher occupancy, it is reasonable to assume that 
there are more opportunities for direct and indirect 
contact transmission of the ARIs. Therefore, the 
impact of the airborne transmission via the HVAC 
system may be masked by the higher number of po-
tential contact transmissions in the rooms. 

In summary, previous studies indicate that dor-
mitory occupancies can affect the incidence rates of 
both afebrile and febrile ARI cases, which can rea-
sonably be explained by greater levels of direct, in-
direct and airborne transmission within the rooms. 
Here, in buildings with similar room occupancies, 
it was found that higher incidence rates were as-
sociated with additional opportunities for airborne 
transmission via the HVAC system design, which 
indicates that HVAC system design may affect ARI 

rates. The differences in the HVAC systems com-
pared included additional contact via supply air and 
also some variations in ventilation rates with occu-
pant access to operable windows. The higher rates 
were experienced in the systems with both higher 
HVAC contact occupancies and less access to oper-
able windows. 

RECOMMENDATIONS
This study’s purpose is to see whether HVAC sys-
tem modifi cations in military housing may poten-
tially improve the indoor air quality and decrease 
transmission of ARIs among individuals living in 
crowded environments. The results indicate that 
there is indeed a significant risk of airborne ARI 
transmission through HVAC systems and HVAC 
system improvement should be investigated.

There are several methods that can be used to 
improve indoor air quality. Three main approaches 
are:

• Increase in the outdoor air exchange rate to re-
place contaminated air with outside air contain-
ing fewer human pathogens.

• Improve fi ltration in HVAC systems to remove 
more particulate matter (PM), which can con-
tain many pollutants including pathogens.

• Other methods to destroy, remove or prevent the 
spread of pathogens in HVAC systems.

An increase in the outdoor air exchange rate and 
the use of fi ltration in HVAC systems are common 
methods for prevention of pathogen airborne trans-
mission via the HVAC systems. However, both typi-
cally require an increase in energy use, and fi ltration 
techniques usually require a certain level of main-
tenance for prolonged efficacy. Therefore, it may 
be advantageous to investigate alternative methods 
of preventing the spread of airborne pathogens via 
HVAC systems. The intent of the analyses presented 
was to estimate the overall impact that improve-
ments in the HVAC system may have on the spread 
of ARIs via airborne transmissions.
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