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ABSTRACT

The objective of this research was to evaluate consequences to the immune system of long-term expos-
ure to waste anesthetic gases (WAG) by medical theater personnel. Two groups were recruited: (i) 60
healthy male controls; (ii) 120 medical professionals exposed to WAG, subdivided according to theater
role, i.e. surgeons, surgical assistants (SA), anesthetists, anesthetic assistants (AA), nurses, and workers.
Serum levels of fluoride, hexafluoroisopropanol (HFIP), total lymphocyte counts, as well as of CD3, CD4,
and CD8 cells, CD4/CD8 ratios, and immunoglobulins IgA, IgG, IgM, and IgE were assayed. The results
showed that fluoride and HFIP titers were significantly increased in anesthetists and AA compared with
the other exposed groups. All exposed groups demonstrated significant elevation in lymphocyte count,
CD4" cell levels, CD4/CD8 ratios, as well as levels of IgE, IgM and IgG compared with the controls. With
regard to the latter outcomes, a significant increase in IgE was seen in the surgeon, nurse, and worker
groups compared with the other professions. Surgeons, anesthetists and AA exhibited higher IgM titers
compared with their colleagues. Significantly higher IgG levels were identified in the SA, anesthetists, AA,
and workers than in their nurses and surgeon coworkers. Of the six sub-groups, only the anesthetists and
their assistants (AA) displayed a significant increase in CD4" cells and CD4/CD8 ratios and a decrease of
CD8" cells compared with the controls. This spectrum of results suggests that variation exists in immuno-
modulatory responses to WAG exposure amongst hospital personnel.
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Introduction

It is well documented in the literature that long-term exposure
to volatile anesthetic compounds has been associated with
adverse clinical consequences (Lucchini et al. 1995; Vouriot et al.
2005). Following inhalation, ~80% of the gas is expelled by
exhalation; however assays of breakdown products have shown
the remaining fifth is metabolized and then carried through the
blood to other organs and the periphery (Casale et al. 2014).
According to the Occupational Safety and Health Administration
(2010) and the Canadian Center for Occupational Health and
Safety (2020), over 200,000 medical personnel persistently sub-
jected to inhalational anesthetics may be at risk of associated
occupational diseases. Manifestations could include hematologic,
hepatic, immune, neurologic, renal, and reproductive pathologies
(Miller et al. 2020).

Manufactured within the plasma cells, immunoglobulins (Igs)
are an integral part of the immune system. Their production is
initiated by foreign antigenic material, e.g. bacteria, viruses, aller-
gens, tumor markers, or chemicals (Burton 1990). After secretion
into the circulation, Igs then contribute to several immunological
functions, e.g. triggering bacterial phagocytosis, and allergic and
anti-tumor responses (Engels and Wienands 2018). Clinical
assays of serum immunoglobulin (Ig) titers can be performed

after exposure to any type of toxicant to provide insight into
potential effects on circulating antibody status. Diminished Ig
detection may suggest the presence of immunodeficiency syn-
dromes (Buckley 1986). A presence of elevated Ig levels has been
documented to occur in association with a variety of pathologies
including those of hepatic, chronic inflammatory, haematological,
infectious and neoplastic origins (Dispenzieri et al. 2001).
Further, a presence of specific antibodies or Ig patterns can act
as useful adjunctive diagnostic information, e.g. are useful to ver-
ify chronic liver diseases (Yamamoto et al. 2003).

The potential for effects from exposure to waste anesthetic
gas (WAG) on host immune function has been described in a
variety of studies. Analyses of the effect of WAG exposure on
the lymphocytic arm of the immune system revealed diminished
proportions of total T-cells and CD3 and CD4 (T-helper; Ty)
cells whereas natural killer (NK) cell populations (CD167,
CD37) were increased (Bargellini et al. 2001). Koutsogiannaki
et al. (2016) demonstrated impairment of neutrophil phagocyt-
osis after exposures to volatile anesthetics; this dysfunction was
associated with an enhanced risk of bacterial sepsis. Braz et al.
(2020) reported an elevation in serum levels of IL-17A in med-
ical residents after exposure to WAG; this is important in that
IL-17A has an important role in both host innate and adaptive
immunity, and is a potent pro-inflammatory cytokine whose
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elevation is associated with the development of respiratory prob-
lems. Chaoul et al. (2015) noted that there were significant
increases in serum levels of pro-inflammatory IL-8 in young
physicians incidentally exposed to waste anesthetic gases.

Sevoflurane, a highly fluorinated methyl isopropyl ether, is a
popular gaseous anesthetic owing to its cardiorespiratory safety
profile (Delgado-Herrera et al. 2001). Once entrained and trans-
ported from the lungs, it is broken down in the liver to form
inorganic fluoride and hexa-fluoro-isopropanol (HFIP) metabo-
lites. Consequently, serum levels of these compounds can be
detected rapidly after inhalation (Kharasch 1995). In theory,
medical personnel using inhalation anesthesia like Sevoflurane
are at risk of WAG inhalation and vulnerable to any potential
immunomodulating properties of the agents.

The aim of this research was to discern any adverse effects on
the immune system (for example, changes in host Ig titers,
lymphocyte counts — and specifically in levels of CD3", CD4™,
and CD8" subtypes) arising from long-term repeated incidental
WAG exposures by clinical staff practicing at medical institutions
located throughout the Qassim area of Saudi Arabia. To further
narrow how the exposure-related effects might be related to
proximity to/repetitive exposures to WAG, potential differential
effects on various types of medical professionals (according to
theater role), including surgeons, surgical assistants (SA), anes-
thetists, anesthetic assistants (AA), nurses, and workers,
were evaluated.

Materials and methods
Study populations

This research was performed over a 5-month period (October
2018-January 2019) in a group of medical institutions located in
the Qassim area of South Arabia. A cross-sectional comparative
study design was employed. Two subject cohorts were recruited:
(i) control group (G1), consisting of 60 healthy males with no
history of WAG exposure and (ii) an exposure group, i.e. 120
male operating theater personnel with likely persistent exposure
to WAG. The exposure group was composed of: surgeons (G2),
surgical assistants (G3), anesthetists (G4), anesthetic assistants
(G5), nurses (G6) and workers (G7). All study subjects were
matched to controls for age, socio-demographic status, and body
mass index (BMI). Individuals who were actively smoking, had
less than 1year employment history in the institution, or had
any factors that might influence their immune system, e.g.
ongoing pathology, allergy, or were receiving immune-modifying
medication, were excluded from study participation.
Demographic data was acquired from all individuals. This
included occupational details, i.e. working hours, shift patterns,
clinical area, documentation of frequently used anesthetic agents,
clinical history, and smoking history. BMI was also calculated,
i.e. weight (kg)/height (m?) for each study subject. Each recruit
gave informed consent before the study commenced.

This research was approved by research ethics committee of
the College of pharmacy, Qassim University and the Ministry of
Health of Saudi Arabia (Approval number: 20180526).

Note to readers: The authors are keenly aware that this study
does not provide specific levels of WAG exposure, nor reports
on numbers of the total numbers of incidental exposures by
individuals in each of the study groups. This is the nature of
such exposures. Accordingly, the outcomes should be seen as
reflective of cumulative incidental exposures. All attempts were
made to exclude from study any subject who had been in the

operating theater within 24 hr of collection of their blood sample
such that acute effects would not be impacting on the overall
study group outcomes.

Collection of blood samples

A fasting blood sample (10ml) was taken from the hand vein
into a silicon-coated test-tube between 8 and 9 AM at the end of
a work shift. Each sample was split into three aliquots. Plasma
extraction was achieved from the first by centrifugation (1000xg,
15min, 4 °C). The other two aliquots were reappropriated to eth-
ylenediaminetetraacetic acid-coated test-tubes for subsequent
serum isolation. All samples were frozen at —20°C prior
to assay.

Plasma fluoride levels

Plasma fluoride concentrations were assayed in duplicate using
previously detailed protocols (Levine et al. 1996; Sener et al
2007). The subject sample was mixed with an equal volume of
total ionic strength adjustment buffer and then analyzed in an
Orion 901 Ion Analyzer (Thermo Fisher Scientific, Chelmsford,
MA), accessorized with an ion-selective electrode that included
fluoride-specific and combination pH electrodes. Parallel stand-
ard fluoride curves were generated to aid in calculating plasma
fluoride levels by extrapolation. A linear relationship was present
over a concentration spectrum of 1-48 uM (correlation coeffi-
cient = 0.999). The lower limit of detection was 1 uM.

Plasma HFIP levels

Headspace gas chromatography with flame-ionization detection
was used to evaluate the concentration of plasma HFIP
(Kharasch et al. 1995). Triplicate assays were performed on each
sample. Plasma was incubated with B-glucurondiase/sulfatase
(2000U Type HI, Sigma, St. Louis, MO) for 15hr at 37°C to
break down HFIP metabolites into corresponding free alcohols.
After cooling to ambient temperature, the pH of the mixture was
lowered from 5 to 2 by injection of 200 pl of 3.5M phosphoric
acid. The sample was vortex-mixed and then injected into an
HS40 headspace system autosampler (PerkinElmer, Melbourne,
FL). A capillary column (30cm x 0.53mm x 3.0 pum film thick-
ness) containing RTX 1701 resin (Restek, Bellefonte, PA) was
used for material separation. Standard curves, derived from
internal standard (2,2,3,3,3-pentafluoro-1-propanol), were gener-
ated to aid in extrapolating the plasma HFIP concentrations.

Immunoglobulin assay

IgE titers were evaluated in triplicate using an enzyme-linked
immunosorbent assay kit (Immunolab GmbH, Kassel, Germany)
and following manufacturer protocols. Elevated serum IgE levels
were defined as > 100IU/ml. Serum IgG, IgM and IgA titers
were assayed in triplicate using MININEPH™ nephelometry kits
(The Binding Site, Birmingham, UK). In brief, serum samples
were thawed and 1:10 dilutions made using 40 ul sample: 400 pl
kit diluent. In the assays, 400 pl kit buffer, 40 pl anti-Ig solution,
and 10 pl sample for IgG assessment were combined in a cuvette;
for IgM and IgA measures, 40 pl sample was added. In each
case, the cuvette was then placed in a UV-Vis spectrophotometer
(Shimadzu, Columbia, MD) and absorbance values (280 nm)
were recorded after 15min. Standard parallel curves derived for
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Table 1. Socio-demographic characteristics and occupational history of the control and waste anesthetic gases exposed groups.

Items G1 (control) G2 G3 G4 G5 G6 G7
Age (years) 33.5+6.4 347+48 348+7.2 33.5+4.9 35.0+5.0 35.0+3.6 339175
Gender

Male 60 (100%) 20 (100%) 20 (100%) 20 (100%) 20 (100%) 20 (100%) 20 (100%)

Female 0 0 0 0 0 0 0
Marital status

Single 0 0 0 0 0 0 0

Married 60 (100%) 20 (100%) 20 (100%) 20 (100%) 20 (100%) 20 (100%) 20 (100%)

Divorcee 0 0 0 0 0 0 0

Separated 0 0 0 0 0 0 0
Body mass index (kg/mz) 22.72+0.83 22.70+0.88 22.46+0.88 22.56 +£0.99 22.58+0.93 2242 +1.07 2244 +0.80
Period of exposure (years) 0 7516 6.9+20 7719 7.1+£24 7514 70+£25

Values expressed as Means + SD.

G1: control; G2: surgeon assistant; G3: surgeon; G4: anesthesiologist; G5: anesthesiologist assistant; G6: nurses; G7: workers.

each isotype were used to help in extrapolation of concentration
of each Ig type. Normal serum ranges were defined as: IgG,
658-1837 mg/dl; IgM, 40-263 mg/dl; IgA, 71-360 mg/dl.

Lymphocyte subset measurements

In brief, an aliquot of whole blood (100pl) from each subject
was pelleted, and the cells were re-suspended in 0.84% (w/v)
ammonium chloride-saline solution on ice for 10min to lyse
erythrocytes. The remaining cells were then pelleted and re-sus-
pended in 1ml phosphate-buffered saline (PBS, pH 7.4). From
this, the total numbers of lymphocytes present were determined.
An aliquot containing 10° cells was then removed and combined
(in 15 pl total volume) with a specific anti-surface marker fluoro-
chrome-conjugated monoclonal antibody against CD3, CD4, or
CD8 (each from Becton Dickenson [BD], San Jose, CA) for
30 min in the dark at room temperature. Thereafter, each sample
was examined in a BD FACSCalibur flow cytometry system and
data was analyzed with system-associated software. From the
data, levels of CD3", CD4", and CD8" cells were determined in
each sample. A minimum of 10,000 events per sample was
acquired. Each sample was evaluated in triplicate.

Statistical analysis

Analysis was performed using Statistical Package for Social
Sciences software, (v.21.0, SPSS Inc., Chicago, IL). Comparison
of the exposed sub-groups with the control subjects was per-
formed with one-way analysis of variance (ANOVA). A Dunnett
comparison test was used to evaluate any differences between the
respective sub-groups. Statistical significance was accepted at
p <0.05. Possible relationships between the concentrations of
fluoride, FHIP, and Ig levels were analyzed with Pearson’s correl-
ation coefficient. Software used for the latter was Prism software
(v.8.0 for Windows; GraphPad, San Diego, CA). All data are
expressed as mean + SD.

Results

Table 1 illustrates the matched socio-demographic data for the
control (Gl) and the WAG-exposed groups (G2-G7). As
expected, no significant differences were seen in age, marital sta-
tus, BMI, or occupational history between the respective cohorts.
Of the six sub-groups, only the anesthetists and their assistants
(AA) gave a history of headaches, dizziness, syncope and fatigue
occurring within work hours.
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Figure 1. Changes in blood levels of markers of WAG exposure. Plasma (A) fluor-
ide and (B) HFIP levels. Significance of differences was analyzed by one-way
ANOVA and Dunnett test. Values are expressed as mean (in uM) + SD. Groups
(left to right): G1: Control group, G2: Surgeon assistant (SA), G3: Surgeon, G4:
Anesthesia specialist, G5: Anesthesia assistant (AA); G6: Nurses; and G7: Workers
roups. Value was significantly different from “control, bsa, surgeon, and/or
worker group at p <0.05.

Plasma fluoride and HFIP levels

Compared with the control group, elevated plasma fluoride titers
were identified in groups G2-G7 (Figure 1(A)). However, this
only achieved significance in the anesthetists and AA groups, i.e.
0.44 [+ 0.02] pM and 0.48 [+ 0.01] puM, respectively, compared
with the controls (0.35 [+ 0.01] pM). Plasma HFIP concentra-
tions were also higher in all the exposed groups compared with
the controls (Figure 1(B)). Among the sub-groups, only subjects
from the G3 and G4 groups had significantly elevated levels
compared with their counterparts; identical levels of HFIP were
found is these latter study cohorts.
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Figure 2. Changes in various antibody isotype levels. Significance of differences was analyzed by one-way ANOVA and Dunnett test (compare all vs. control group).
Groups (left to right): G1-G7 are characterized in Figure 1 legend. Values are expressed as means+ SD in terms of 1U/ml (for IgE), mg/dl (for all other isotypes). Value
was significantly different from ®control, bsA, surgeon, danesthetist specialist, “AA, fhurse, and/or Sworker group at p <0.05.

Table 2. Total lymphocytes, CD3", CD4™, CD8™ cell percentages, and CD4:CD8 ratios in the blood.

Items G1 (control) G2 G3 G4 G5 G6 G7

Lymphocytes (1073/ul) 206+0.18 324+0.23 32.21+0.29 2235+0.19 32.26+0.18 2231+0.34 32.23+0.31
CD3 (%) 53.11+6.11 53.05+5.45 52.80+5.08 53.10+8.78 52.90+8.75 52.95+6.24 52.65+4.70
CD4 (%) 4330+6.11 46.15+5.85 46.00+7.41 abedes) 55 +9.74 abedegq 75 +7.99 4530+9.96 45.90+6.53
CD8 (%) 31.60+2.35 29.30+2.85 30.20+3.47 abeder4 90 +4.72 abeders 45 +2.87 30.10+3.61 29.25+4.36
CD4:CD8 ratio 1.52+0.12 1.54+0.10 1.54 +0.09 abedeq 69 +0.21 abedeq 61+0.19 1.53+0.08 1.55+0.10

Values expressed as Means = SD. N =60 for controls, and 20 for each other group.

G1: control; G2: surgeon assistant; G3: surgeon; G4: anesthesiologist; G5: anesthesiologist assistant; G6: nurses; G7: workers.
Value significantly different from 2control, "surgeon assistant, “surgeon, anesthesiologist, anesthesiologist assistant, “nurse, and/or *worker group at p < 0.05.

Serum IgE, IgM, IgG, and IgA levels

The only WAG-exposed sub-group that failed to show a signifi-
cant increase in serum IgE compared with the controls was the
SA. Levels were even more elevated among some of the sub-
groups compared to others, ie. elevated IgE levels were noted
among the surgeons, nurses, and workers compared with not
only the SA, but also with the anesthetist and AA groups. IgE
titers were equivalent in the latter two groups. IgM concentra-
tions were significantly raised in all WAG-exposed groups com-
pared with the controls. Increased IgM concentrations were
more notable in the SA, anesthetists, AA, and the worker groups
compared with the surgeons and nurses (Figure 2). Measurement
of IgG showed a similar increase in all the subject groups
exposed to WAG compared with the controls. Again, there were
disparities in the levels of change relative to the controls, i.e. the
observed rise in IgG levels was significantly less in the surgeons
and nurses compared with the remaining sub-groups (Figure 2).
As with the other isotypes, serum IgA levels again varied among
the different study groups (Figure 2). Higher quantities of serum
IgA were detectable in G2-G7 groups compared with the

controls. A significantly greater rise was seen in IgA levels in the
anesthetists and AA workers compared with the other professio-
nals evaluated, although the nurses showed a significantly
increased level compared with the surgeons, SA, and workers.

Lymphocyte subsets

All WAG-exposed sub-groups showed significant increases in
total lymphocyte levels compared with the controls (Table 2).
Blood levels of CD3" cells (as percentages) showed no significant
change in all subjects exposed to WAG as compared with con-
trol. Of the six sub-groups, only the anesthetists and their assis-
tants (AA) displayed a significant increase in CD4" percentages
and CD4/CD$ ratios - and a decrease of CD8" percentages
compared with the controls.

Correlations of the studied parameters

Correlation coefficient analyses of the data revealed that plasma
fluoride levels were positively-correlated with serum IgE, IgM,
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Figure 3. Correlation coefficient between plasma fluoride levels and serum IgE, IgM, IgG, and IgA levels the different WAG-exposed groups (G2-G7). Value significantly
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and IgG levels. However, the analyses showed there was no sig-
nificant correlation between fluoride levels and levels of IgA
(Figure 3). Correlation coefficient analyses also revealed that
plasma fluoride levels were positively-correlated with lympho-
cytic counts, CD4 cell percentages, and CD4/CD8 ratios. In con-
trast, these analyses revealed that blood fluoride levels were
negatively correlated with CD8 cell percentages. Lastly, the analy-
ses showed there was no significant correlation between the
fluoride levels and CD3 cell percentages (Figure 4).

Correlation coefficient analyses of the data revealed that blood
HFIP levels negatively correlated with serum IgM and IgA levels.
In contrast, a positive correlation was noted between blood HFIP
levels and serum IgE and IgG levels (Figure 5). Analyses of the
data showed that blood HFIP levels positively-correlated with
CD3 and CD4 cell percentages as well as CD4/CD8 ratios. In
contrast, correlation coefficient analyses revealed that blood
HFIP levels negatively correlated with CD8 cell percentages. The
analyses also showed there was no significant correlation
between the HFIP levels and lymphocytic counts (Figure 6).

Discussion

Occupational exposure to toxicants can cause immunomodula-
tion by causing changes in host leukocytic counts, ratios of
lymphocyte sub-populations, and lymphocyte activity. This has
been shown to be true among workers in oil-industry and, as
pertinent to the study here, health-services (Biro et al. 2002,
2004). Working in operating rooms is known to present risks to

the overall health of team workers; clearly, chronic incidental
inhalation exposure to a variety of anesthetics, even in low con-
centrations, could induce adverse health effects. In the context of
immune function, occupational inhalation exposures to anes-
thetics produced declines in cellular anti-oxidant activity, sup-
pressed neutrophil functions, elevated levels of DNA breaks in
lymphocytes, etc. (Irwin et al. 2009). Aragonés et al. (2016) and
Emara et al. (2020) reported occupational exposure of health-
team workers to waste anesthetic gases (WAG) resulted in
increased hepatic dysfunction, the incidence of spontaneous
abortion, and the occurrence of congenital anomalies in their
children. Musak et al. (2013) found that incidental exposures to
isoflurane or sevoflurane caused chromosomal aberrations in
lymphocytes. Schifilliti et al. (2011) demonstrated that repeat
exposures to a combination of nitrous oxide and halogenated
anesthetics (for periods up to 3 month and longer) elevated the
incidence of genotoxicity in the lymphocytes of workers exposed
to these agents. Vellore et al. (2006) reported sevoflurane and
isoflurane exposures led to increases in the risk for developing
asthma or dermatitis, both reflecting changes in host immune
status due to the incidental exposures.

There has been much research on patients that evaluated the
impact on the immune system from varying anesthetic techni-
ques, agents and dosages in clinical settings of both major and
minor surgical procedures. If a volatile anesthetic leaks from the
patient respiratory circuit during surgery, it has the potential to
cause harm to attending medical personnel. However, there are
very few studies that have been published that evaluated effects
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of such inhalation exposures on immunological function in this
population. To address this, the present study was performed
using medical personnel working in surgical theaters within the
Qassim area of Saudi Arabia. A key study design element
employed here was that sociodemographic data, i.e. age, marital
status, previous medical history, occupational history, and body
mass index for controls (G1l) and the exposed professional
groups (G2-G7) were matched.

Misra and Koshy (2012) identified an increase in serum fluor-
ide levels with chronic use of sevoflurane and isoflurane; long-
term use of these agents is common in critical care management.
Sevoflurane causes a greater rise in fluoride than isoflurane. This
is attributed to its higher fluoride component and increased
breakdown into metabolites by the host (Perbet et al. 2014). All
subjects exposed to WAG in the current study (i.e. G2-G7) dem-
onstrated elevated plasma fluoride concentrations compared with
controls, particularly the anesthetists and their assistants.
Fluoride levels in the other professional groups potentially
exposed in the operating theater were equivalent. These findings
are suggestive that the medical staff in greatest immediate prox-
imity to the sevoflurane circuit receive longer durations and
higher degrees of exposure to the drug.

The major role of the immune system is in the identification/
disposal of foreign antigens, production of immunologic mem-
ory, and bestowing tolerance to self-antigens. The lymphocyte
populations of the immune system are comprised of thymus-
derived (T-) lymphocytes, bone-marrow-derived (B-) lympho-
cytes, and natural-killer (NK) cells. CD4" T-cells along with
CD8" T-cells constitute the majority of T-lymphocytes. CD4" T-
cells have several functions including activation of cells associ-
ated with innate immunity, B-cells, cytotoxic T-cells and non-
immune cells (Luckheeram et al. 2012), in part, via secretion of a
variety of cytokines. If the function of the immune system is
made suboptimal, recovery from pathological states can be
impaired and loss of immune regulation (Waters et al. 2018).
Thus, effects of anesthesia on a host immune status can have an
adverse clinical outcome.

In a healthy host, the above-noted interactions between B-
and CD4" T-cells are essential for optimal immune (humoral)
responses (i.e. transplantation, immunization). Any dysregulation
of these cells (or their interactions) is already known to be an
important factor in the development of some autoimmune dis-
eases, chronic inflammatory pathologies, and changes in host
ability to fight cancers. In comparison, as CD4" and CD8" T-
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cells are the effectors of cell-mediated immune (CMI) responses,
host maintenance of ratios among CD4 and CDS8 cells is import-
ant for optimal CMI responses (Hori et al. 2003). Any induced
shift in this ratio would reflect changes in the relative presence
of Tyl and Ty2 cells in that host. The implications of an
increase in Ty2 cell levels in a body include a promotion of B-
cell proliferation, induction of immunoglobulin formation, and
shifts in key cytokine/chemokine profiles. If unchecked, these
changes themselves can lead to damage in a host (ie. these
parameters normally utilize feedback mechanisms to return Tyl
and Ty2 cells to a “normal” balance once the immunologic chal-
lenge to the host is resolved). Accordingly, in the context of a
shift in host CD4/CDS8 ratios, an induced decreases in Tyl cells
would ultimately mean a potential compromise of CMI responses
in the host; this would also imply changes in the presence of cir-
culating immunoglobulins and in key cytokines, including T2
cell-related IL-4, IL-5, and IL-13.

Animal studies have revealed changes in circulating antibody
levels and a diminished white blood cell count following sevo-
flurane administration (Elena et al. 2003). These results are con-
sistent with work by Pagel et al. (2000) who described the
consequences from exposures to anesthetics on white cell popu-
lations and on proportions of lymphocytic components.
However, data from human exposures have tended to be less
uniform. For example, in surgical patients who received

isoflurane, increases in populations of Ig-secreting cells were
seen by 1 wk (Salo et al. 1997). In patients that underwent major
surgical procedures that involved anesthesia, a drop in serum
IgG levels was noted (Eskola et al. 1984). However this was not
the case in patients that underwent a total hip replacement (Salo
and Nissila 1990). Raised IgG titers, but no change in IgA or
IgM, were identified post-operatively in patients receiving sevo-
flurane or isoflurane (Durlu et al. 2002). The findings here of
raised IgE, IgM and IgG titers in all the WAG-exposed groups
(compared with the controls) are similar to results in a study by
Chitkara and Noronha (1977). Even so, the current findings also
differ in that those researchers documented a rise in IgA rather
than of total IgE after host inhalation of halogenated anesthetics.

The present study also found that total lymphocyte counts
were elevated (relative to control values) in all WAG-exposed
individuals. These outcomes are similar to those in a study by
Morisaki et al. (1998) who reported that sevoflurane induced dis-
orders in leukocyte distribution in anesthetized patients (i.e.
manifest as increases in total lymphocyte counts). In addition,
the study here found that the WAG-exposed anesthesiologists
and their assistants (AA) presented (compared to control values)
with significantly increased blood CD4" levels and CD4/CD8
ratios, and decreased CD8" cell levels. Such results are consistent
with a study by Cocelli et al. (2012) who demonstrated a signifi-
cant increase in leukocyte and neutrophil counts, CD4" cell
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percentages, and CD4/CD8 ratios in patients 24 hr after anesthe-
sia with desflurane. Schneemilch et al. (2005) reported that sevo-
flurane induced significant increases in lymphocyte levels, CD4"
cell counts and decreases in B-cells in patients 2 hr after anesthe-
sia. Still, the present results do conflict with some data in the lit-
erature. Specifically, Liu et al. (2016) reported a significant
decrease in CD3", CD4", and NK cell levels, and in CD4/CD8
ratios in patients 24 hr after being anesthetized with propofol
and sevoflurane. While results of some cited studies are incon-
sistent with those here, this might be attributable to the fact
those data reflected effects of anesthetics for a single acute expos-
ure as opposed to the longer-term incidental exposures to vari-
ous WAG faced by the health workers in the present study.

In comparison to the above studies evaluating effects of anes-
thetics in patients, there have a been a handful of studies that
examined healthcare workers exposed to such agents. Tompa
et al. (2006) reported that nurses exposed incidentally to anes-
thetics evinced immune alterations, and that these alterations
were mitigated by use of protective measures. The study also
reported that chronic exposures to these agents resulted in
increases in host T-helper (Ty) cell levels and in the ratios of
activated T- and B-cells. Peric et al. (1994) reported CD4" cell
percentages were increased significantly in surgical personnel
(i.e. anesthesiologists) chronically-exposed to halothane and

nitrous oxide. On the other hand, chronic exposure to mixtures
of nitrous oxide and isoflurane negatively impacted these percen-
tages. Yet another study showed that Ty cell levels in these hosts
were altered - depending on individual exposure “scores”
(Bargellini et al. 2001).

The current (as well as previous) studies suggest that any
immunomodulating effects of WAG among the evaluated hos-
pital staff were likely dependent on the (A) duration of expo-
sures, (B) type of anesthesia used, and (C) particular duties of an
individual in the operating theater.

Conclusions

From the data of this study and the findings of other earlier studies,
we can conclude that operating room personnel exposures to WAG
are associated with changes in blood levels of IgG and IgM, total
lymphocytes, CD4" and CD8" subtypes, and accordingly, in
CD4:CD8 ratios. It is quite possible these changes would likely be
associated with immune dysfunction in these WAG-exposed hosts.
As it is not yet clear if this might be reflected as reduced host resist-
ance and/or an increased risk for developing autoimmune diseases,
programs need to be in place to manage these WAG to reduce
potential risks to the health of hospital staff. Further, continuous



efforts to monitor exposures to, and the safety of, all volatilizable
anesthetic agents should be required.

Note to readers

The authors are very aware that there are important limitations
in this study. Most importantly, this study was limited by a strict
inclusion criteria that limited the sample size and excluded
females. Such an limitation may have not allowed a fuller range
of significant outcomes from being determined. Clearly, a larger
more heterogeneous sample size/group would likely provide
potentially more significant insights into — and facilitate a deeper
understanding of - the effects of incidental WAG exposures on
the immune systems of hospital workers.
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