
-56.8

0

-47.9

-37.5

29.6

0

-20.4

-33.2

-53.6

0.31

-65.2

-103.1

FEF25-75 (mL/s)

FEV1/FVC (%)

FEV1 (mL)

FVC (mL)

Table 2a. PFT Cross Shift Change 

Eastman et al. 203 (n=210) Treatment (n=25) Control (n=25)
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Discussion
• The treatment group experienced an increase in peak expiratory flow rate (PEFR) 

change (0.76 L, p=0.12) near statistical significance; no statistically significant 
differences were observed in the other spirometry measures.

• Both groups of dairy workers in this study experienced less of a decline or similar 
cross-shift pulmonary function metrics when compared to other studies performing 
cross shift spirometry on dairy workers. (Tables2a-2b). 

• Use of a hypertonic or normotonic saline nasal lavage before and after each work 
shift may reduce the respiratory burden of dairy workers by reducing previously 
observed cross shift declines in pulmonary function.

• Ten participants were recruited from a large herd dairy and randomly assigned to 
treatment (n=5) and control groups (n=5)

• Each participant received normotonic saline (308 mOsm) nasal lavage (NL) before their shift 
over five consecutive days

• After each shift, the treatment group received HTS (400 mOsm) while the control group 
received normotonic (Figure 2a). All samples were analyzed for 10 different cytokines using 
a multiplex assay

• Spirometry was performed pre- and post-shift via a portable office spirometer to 
examine FEV1, FVC, FEF25-75, FEV1 /FVC, PEFR, (Figure 2b)

• Personal breathing zone samples for inhalable bioaerosols were collected across 
the work shift

• Mass concentrations and endotoxin abundance were determined by gravimetry and a 
fluorescent assay, respectively

Figure 2: From left to right (a) Nasal lavage administration (b) Spirometry administration

Purpose 
• Dairy workers are at the frontline of exposure to bioaerosols, which contain 

bacteria and associated pro-inflammatory constituents (e.g., endotoxin)
• Dairy workers are at an increased risk for respiratory illness most likely mediated 

through a strong proinflammatory response
• Given challenges and limitations of implementing engineering controls, we propose 

the use of a low-cost and low-burden intervention  
• Hypertonic saline (HTS) was recently shown to attenuate inflammation in trauma 

patients through clinical use and multiple cellular studies (Figures 1a, 1b, & 1c). 
• Here, we conducted an intervention to administer HTS in a nasal lavage to 

determine if the inflammatory response was mitigated and if airway function 
improved among dairy workers. 

Figure 1. (a) HTS inhibits the expression of several key inflammatory mediators, (b) Hypertonic saline inhibits TNF-a-stimulated 
IL-8 secretion, (c) Hypertonic saline decreases TNF-a-induced NF-kB nuclear translocation and DNA binding. Sources: (a) Mitra 
et al. (2017). Hypertonic saline attenuates the cytokine- induced pro-inflammatory signature in primary human lung epithelia. 
PLOS ONE. (b) & (c): Banerjee et al. (2013). Hyperosmolarity attenuates TNF-α-mediated proinflammatory activation of human 
pulmonary microvascular endothelial cells. Shock. 

Table 2a: Cross shift changes in pulmonary function testing compared to Eastman et al. (2013). Acute pulmonary 
function change associated with work on large dairies in California. Journal of Occupational and Environmental 
Medicine. 

Practical Application & Future Research
• The HTS nasal lavage is designed as a low-cost intervention that can be self-administered 

before and after every shift at dairies and other agricultural operations
• The HTS nasal lavage may be useful in improving the pulmonary health of agricultural 

workers exposed to bioaerosols – especially those employed in animal confinement 
operations

• Decreased pro-inflammatory responses and increased anti-inflammatory responses may also 
improve the incidence of respiratory illness among agricultural workers

• Full intervention study currently underway with dairy workers from Colorado and Texas
• Treatment group now receiving hypertonic saline before and after their work shift

Results
Means and ranges of pulmonary function testing from both groups involved in the pilot study

Table 2b: Cross shift changes in pulmonary function testing presented in percentages of predicted values compared to 
Gallagher, M.J. (2013). Evaluation of pulmonary function cross-shift changes in dairy parlor workers using spirometry & 
exhaled nitric oxide. MS thesis, University of Iowa

-1.50%

-1.00%

-0.50%

0.00%

0.50%

Table 2b. PFT cross shift change 
based on % of predicted values 

Control (n=25) Treatment (n=25) Gallagher 2013 (n=62)

FEV1

FEV1/FVC
FVC

Table 1: Pulmonary Function Results
Control Group (n=50) Treatment Group (n=50)

Pre-shift 
mean

Pre-shift 
range

Post-shift 
mean

Post-shift 
range

Pre-shift 
mean

Pre-shift 
range

Post-shift 
mean

Post-shift 
range

FVC (L) 4.50 3.63 - 5.27 4.49 3.63 - 5.23 3.89 2.40 - 5.06 3.86 2.41 - 5.02

FEV1 (L) 3.7 3.16 - 4.32 3.67 3.08 - 4.35 3.19 2.01 - 4.09 3.16 2.03 - 3.99

FEV1/ 
FVC (%)

0.82 0.79 - 0.88 0.82 0.75 - 0.90 0.83 0.75 - 5.03 0.83 0.74 - 0.90

PEFR 
(L/s)

8.05 5.43 - 12.04 8.23 5.07 - 11.39 7.03 4.45-10.15 8.04 4.16-10.83

FEF25-75
(L/s)

3.70 2.87 - 4.93 3.64 2.79 - 4.81 3.54 2.20 - 5.03 3.57 2.45 - 5.14

1a

1b

1c


