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Patients who are intubated and
mechanically ventilated re-
quire regular endotracheal
suctioning to prevent airway

obstruction (1). However, tracheal suction-
ing is hazardous and causes discomfort to
the patient and adverse consequences, such

as impairment of mucociliary transport
(2), tracheal mucosal injury (3, 4), loss of
lung volume (5, 6), hypoxia/hypoxemia
(7), cardiac arrhythmias and cardiac ar-
rest (8, 9), increased intracranial pressure
(10), and bacterial colonization of the air-
ways (11). In addition, accumulation of
secretions within the endotracheal tube
(ETT) increases air flow resistance and
the patient’s work of breathing (12), de-
lays weaning from the ventilator (13),
and can facilitate aerosolization of bacte-
ria (14).

We recently described the design of
the Mucus Slurper (patent applied for by
National Institutes of Health) (15) and
demonstrated its efficacy in a preliminary
(short-term) study in sheep mechanically
ventilated for 24 hrs, with the ETT/
trachea oriented a few degrees below hor-
izontal. The Mucus Slurper totally pre-
vented buildup of secretions within the
ETT and trachea, without need for conven-
tional suctioning. In an intubated patient,
however, the volume and composition of
tracheal secretions may change over time.

The aim of this study was to evaluate
the safety and efficacy of the Mucus Slur-
per (study group) in sheep mechanically
ventilated for 72 hrs, positioned with the
orientation of the trachea/ETT below hor-
izontal and never suctioned, in compari-
son to sheep (control group) intubated
with a standard ETT, similarly oriented,
and conventionally suctioned.

MATERIALS AND METHODS

This study was conducted at the National
Institutes of Health (NIH) animal research
laboratory. The protocol was approved by the
National Heart, Lung and Blood Institute, NIH
Animal Care and Use Committee, Institute of
Laboratory Animal Resources (16).

Mucus Slurper

As previously described, a Hi-Lo Evac ETT
with a built-in evacuation lumen for conti-
nuous aspiration of subglottic secretions
(Mallinckrodt, St. Louis, MO) was modified to
devise the Mucus Slurper (15). The tracheal
tube cuff was repositioned to the very tip of
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Objective: In patients intubated with endotracheal tubes
(ETTs), suctioning is routinely performed to remove mucus from
within the ETT and trachea. The Mucus Slurper is a novel ETT with
built-in suction ports arranged radially at its tip. We evaluated the
safety and efficacy of the Mucus Slurper, compared with conven-
tional tracheal suction, to prevent airway obstruction in sheep
with the ETT and trachea oriented below horizontal.

Design: Prospective randomized animal study.
Setting: Animal research facility at the National Institutes of

Health.
Subjects: Twelve healthy sheep.
Interventions: Sheep were randomized to be intubated with

either the Mucus Slurper (study group) or a Hi-Lo Tracheal Tube
(Mallinckrodt, St. Louis, MO) (control group) and mechanically
ventilated for 72 hrs. In the study group, automatic, timed
tracheal aspiration lasted 0.3 secs, was repeated every 2 mins,
and was synchronized with the early expiratory phase. In the
control group, tracheal suction was performed every 6 hrs or
as required.

Measurements and Main Results: In the control group, tracheal
secretions accumulated progressively within the ETT and the
trachea. In the study group, all mucus that reached the tip of the
Mucus Slurper was aspirated, keeping the lumen of the ETT, and
proximal trachea, free from secretions. In the study group, expi-
ratory water trap protein concentration, a crude index to measure
mucus drainage through the ETT, was consistently less than the
control group (p < .001). At autopsy, no macroscopic injury to the
tracheal mucosa was found in either group. In the study group,
the respiratory circuit was less colonized than in the control
group. There were no statistically significant differences between
the two groups in bacterial colonization of the lungs/bronchi.

Conclusions: The Mucus Slurper, combined with orientation of
the trachea below horizontal, prevents accumulation of secretions
within the lumen of the ETT and trachea, without need for con-
ventional tracheal suctioning. (Crit Care Med 2007; 35:906–911)

KEY WORDS: artificial ventilation; intratracheal intubation; air-
way obstruction; bacterial pneumonia; intensive care; evaluation
studies
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the ETT (Fig. 1) to eliminate dead space within
the trachea between the cuff and the tip of the
Mucus Slurper.

Preliminary Studies

We used 21 sheep during a 14-month pe-
riod to evaluate different designs and technical
issues related to the use of the Mucus Slurper,
to achieve optimal efficacy and safety. We eval-
uated the number of suction holes (one to
eight holes) and the distribution of those suc-
tion holes, different humidification settings
(one vs. two heated humidifiers in series in the
ventilator gas circuit), standard placement of
the tracheal tube cuff vs. moving the cuff to
the most distal tip of the ETT, different levels
of suction, frequency and duration of suction,
and safety of the Mucus Slurper when not
electively activated. Data from those prelimi-
nary studies are not reported here, but such
information was applied to optimize perfor-
mance of the system.

Study Design

Twelve young female Dorset sheep were
studied (median 39 kg, range 32–50 kg).
Sheep were anesthetized with 3 mg·kg�1

propofol intravenously and randomized into
two groups.

Study Group. Seven sheep were intubated
with the Mucus Slurper and mechanically ven-
tilated for 72 hrs. The Mucus Slurper was
connected to a source of vacuum set to 300
mm Hg, activated for 0.3 secs every 2 min, and
synchronized with early expiration.

Control Group. Five sheep were intubated
with the standard 8-mm Hi-Lo Tracheal Tube
and mechanically ventilated for 72 hrs. Every
6 hrs, or when required, a 10-Fr Gentle-Flo
suction catheter (Mallinckrodt, St. Louis, MO)
connected to a vacuum source (150 mm Hg)
was inserted into the ETT, rotated repeatedly,
and advanced 6–7 cm beyond the tip of the

ETT. The suction procedure lasted 10–15 secs,
and aseptic techniques were employed.

Animal Preparation

Surgical preparation, carotid cannulation,
pulmonary artery catheter insertion, and uri-
nary catheterization of sheep were performed
as previously described (17). A maintenance
infusion of 0.1–0.2 mg·kg�1·min�1 of propo-
fol and ketamine at a rate of 0.3– 0.4
mg·kg�1·min�1 was administered intrave-
nously for anesthesia and to prevent response
to surgical stimulation.

After surgical preparation, sheep were
turned from supine to prone, with orientation
of the ETT/trachea 10° below horizontal, a
position that was maintained throughout the
study. A loading dose of pancuronium bro-
mide 0.15 mg·kg�1, followed by a mainte-
nance dose of 0.08 mg·kg�1·hr�1, was admin-
istered to maintain muscular paralysis. Sheep
were mechanically ventilated as previously de-
scribed (15). The Mucus Shaver (18) was used
only after surgical preparation to completely
clean the lumen of the ETT. No antibiotics
were administered during the study. After 72
hrs, sheep were euthanized with an intrave-
nous infusion of 60 mEq of KCl.

Humidification

We used an MR 850 Humidification System
(Fisher & Paykel Healthcare, Laguna Hills,
CA) at the entry to the inspiratory line. A
second in-series humidifier ConchaTherm III
with a low compliance column (Hudson RCI,
Temecula, CA) was inserted just proximal to
the ETT. A rectal probe (CSZ, Cincinnati OH)
was inserted to measure body temperature;
the temperature measured at the distal end of
the second humidifier was adjusted to deliver
gas at the measured body temperature. The
inspiratory line was fully thermo-insulated
with foam rubber. The ventilator circuit was

checked every 6 hrs for accumulation of con-
densate.

Measurements

At the beginning of the study and every 24
hrs thereafter, using strict aseptic techniques,
a bronchoscope (BF type 3C40, Olympus
America, Melville, NY) was advanced to the tip
of the ETT to inspect the internal lumen of the
tracheal tube. In the Mucus Slurper group,
mucus retrieved with the Mucus Slurper was
collected every 6 hrs. We measured the total
protein content in the expiratory water trap,
proximal to the Y piece, as a measure of mucus
drained through the ETT (17).

Pneumonia was suspected based on clini-
cal findings and subsequently confirmed by
gross findings at postmortem examination and
microbiological results (17).

Microbiological Sampling

Every 6 hrs, we sampled the internal lu-
men of the ETT for qualitative microbiological
studies. Following 24, 48, and 72 hrs of me-
chanical ventilation, we took six samples from
the ETT, the air filter, the inspiratory line, the
humidifier just proximal to the ETT, the water
trap, and the expiratory line for qualitative
bacteriology studies, as previously described
(19). Every 24 hrs, a blood sample from either
the right or left tibial vein was added to an
aerobic soy broth bottle (Bactec Peds Plus/F;
BD Diagnostic System, Franklin Lakes, NJ) for
blood culture studies.

Autopsy

Postmortem examination was conducted
immediately following death, as previously de-
scribed (17). Lungs were weighed. We took 11
tissue samples from the trachea, lungs, and
bronchi for quantitative microbiology analy-
sis. After extubation, the ETT was opened. For
gross evaluation, the following scoring was
used: 0, mucus covering �1 cm length of the
ETT from its tip; 1, mucus covering �2 cm; 2,
mucus covering �5 cm; 3, mucus covering
�10 cm; 4, mucus covering entire surface.

Statistical Analysis

Data were analyzed using nonparametric
methods. We used the Wilcoxon-Mann-
Whitney rank test for continuous measure-
ments, and for frequency data, the Fisher’s
exact test. A p value of �.05 was considered
statistically significant. All reported p values
are the exact p values derived through a per-
mutation test.

Quantitative microbiological analyses were
performed by individual site (11 locations) and
all locations combined. Microbiological analy-
ses were also performed by type of bacteria

Figure 1. Mucus Slurper within the trachea, with the cuff inflated. The cuff was positioned at the very
tip of the tracheal tube to reduce accumulation of mucus between the cuff and the tip of the Mucus
Slurper. When the cuff was inflated, the eight suction holes had no contact with the tracheal mucosa.
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(pathogenic count or total count), by actual
colony count, or by categorizing whether the
sample was colonized or not.

A repeated-measures analysis of variance
was used to test for time trends.

RESULTS

The 12 sheep (median weight 39.5 kg,
range 32–50 kg) included in the study
were considered healthy based on chest
radiography, laboratory data, and clinical
criteria. In the control group, one sheep
developed sepsis and was electively eutha-
nized after 60 hrs of MV. In the study
group, one sheep was accidentally extu-
bated during surgical preparation and
immediately reintubated. This sheep
completed the study; however, at chest
radiography new pulmonary opacities
(right upper and medium lobe) were
found 12 hrs after reintubation, quite
possibly due to aspiration of contami-
nated subglottic secretions. Both sheep
were excluded from analyses of bacterial
colonization of the lungs. All other sheep
completed the study.

Efficiency of the Mucus Slurper
Versus Tracheal Suction

There was no difficulty during tra-
cheal intubation with the Mucus Slurper
group. We collected through the Mucus
Slurper 0.51 � 0.35, 0.68 � 0.48, and
0.71 � 0.35 mL of mucus/hr for day 1,
day 2, and day 3, respectively. In the con-
trol group, the numbers of suction pro-
cedures per sheep per day were 4.40 �
0.54, 5.20 � 1.30, and 5.75 � 0.95 for
days 1, 2, and 3, respectively. By endos-
copy, we found within the lumen of the
standard ETT (control group) and the
proximal trachea progressive accumula-
tion of tracheal secretions, whereas both
the internal surface of the Mucus Slurper
tube and the proximal trachea (study
group) remained free from mucus/
secretions throughout the 72-hr study.

Safety of the Mucus Slurper
Versus Tracheal Suction

Adverse effects associated with con-
ventional suctioning manifested as de-
crease or increase in heart rate, decrease
or increase in blood pressure, and in-
creased airway pressure. No adverse ef-
fects during aspiration with the Mucus
Slurper were found. The ventilator never
triggered during the course of automatic
Mucus Slurper activation.

Clinical Findings

In the study group, average total pro-
tein concentration in the water trap was
13.66 � 16.95 mg/dL (range, 0–76 mg/
dL) vs. 100.94 � 115.24 mg/dL (range,
0–300 mg/dL) in the control group (p � .001
vs. study group). Throughout the study,
total protein concentration in the expira-
tory line water trap of the study group
was always lower compared with the con-
trol group (Fig. 2). There was no differ-
ence between the two groups in peak
airway pressure. One sheep in the control
group showed clinical signs of pneumo-
nia (new opacities on chest radiography,
white blood count of 104/mL, PaO2/FIO2

decrease), confirmed at autopsy.

Autopsy Findings

Tracheal Tubes. In the study group,
the internal lumen of three of seven Mu-
cus Slurper tracheal tubes appeared en-
tirely free from all tracheal secretions
(Fig. 3B); four of seven Mucus Slurper
tubes contained a small amount of mucus
covering �2 cm at the very tip (depen-
dent part). In the control group, three of
five standard tracheal tubes were entirely
covered with tracheal secretions, with the
largest amount in the distal dependent part
(Fig. 3A). In two of five standard tracheal

tubes, mucus covered 5 cm of the internal
lumen. Mean visual scores were 0.5 � 0.5
in the study group and 3.4 � 0.8 in the
control group (p � .001).

Trachea and Lungs. On dissection of
the trachea, there was no mucosal injury
in either group. In the control group,
secretions were found within the proxi-
mal trachea, mostly on the dependent
part, whereas in the study group we
found only few secretions attached to the
tracheal surface of the Mucus Slurper in-
flatable cuff. The difference in mean
weights of the lungs in control and study
groups was not statistically significant
(417.7 � 48.1 g vs. 384.8 � 93.3 g, respec-
tively, in the control and study groups;
p � 1.00).

Microbiological Findings

Respiratory System. There were no
statistically significant differences be-
tween control and study groups in bacte-
rial colonization of the airways and lungs
(Table 1).

Ventilatory Circuit and ETT. We
found no colonization, in either group, at
any time, in the air filter and humidifier,
whereas the water trap was always colo-
nized with multiple bacterial species (Ta-
ble 2). In three of four control sheep the
expiratory line was colonized, but none of

Figure 2. Average water trap protein concentration (expressed as mg/dL) as an index of mucus drainage
through the ETT, sampled every 6 hrs. The Mucus Slurper aspirated tracheal secretions within the
trachea; note lower protein concentration in the study group throughout the study vs. the control
group. *p � .05 vs. the study group.
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the expiratory lines from the study group
were colonized (p � .03 vs. control
group). Inspiratory lines for all sheep in
the control group were colonized, as were
two of six in the study group (p � .076 vs.
control group). The internal lumen of
every ETT in both groups was always col-
onized.

DISCUSSION

Tracheal suctioning (1) in intubated
patients is critical to remove secretions
from within the airways and ETT. It is
reasonable to assume that obstruction of
the ETT and airways can be prevented if
all accumulated mucus is promptly and
efficiently removed and the inspired gases
are correctly humidified. Clinical studies
(14, 20, 21) have shown that the internal
lumen of regularly suctioned ETTs at ex-
tubation is reduced with narrowing of the
intraluminal diameter and was correlated
with duration of intubation. We recently
described the Mucus Shaver (18), a novel
device designed to remove, following
conventional tracheal suction, all mucus
remaining within the tracheal tube.
Some mucus may nevertheless accumu-
late within the trachea.

We demonstrated in sheep mechani-
cally ventilated for 72 hrs and positioned
with the trachea oriented below horizon-
tal that conventional tracheal suctioning,
performed every 6 hrs or as needed, did
not prevent accumulation of tracheal se-
cretions within the lumen of the ETT. In
contrast, the Mucus Slurper kept the in-
ternal surface of the ETT and proximal
trachea free from mucus, with no need
for conventional suctioning.

The specifics of optimal humidifica-
tion of inspired gas have long been de-
bated. Some investigators believe that in-
spired gas should be delivered at body
core temperature and have 100% relative
humidity (22, 23). Others believe that in-
spiratory gas at a temperature of 32–34°C
and relative humidity of 100% is ade-
quate (24). When inspired gas is delivered
at a temperature below core temperature,
or at low relative humidity, there is invari-
ably loss of heat and moisture from the
airways, with change in rheologic proper-
ties of secretions and, importantly, impair-
ment of mucociliary clearance (25, 26).

In our preliminary studies, we used an
MR 850 Humidification System (Fisher &
Paykel Healthcare) with a heated inspira-
tory line. However, we encountered sev-

eral occlusions of the Mucus Slurper suc-
tion ports, and on inspection we found
thick, highly viscous mucus lodged
within the lumen. Temperature and hu-
midity of the inspiratory and expiratory
gases were not measured. We noticed,
however, that when a second humidifier
(set at the body temperature of the sheep)
was inserted at the very entry of the in-
spiratory line (ConchaTherm III), and the
inspiratory line was fully thermo-insu-
lated, no obstruction of the Mucus Slur-
per occurred and all collected secretions
appeared substantially less viscous and
thick. Our findings, in accord with re-
ports of other investigators (22, 23, 27),
suggest that inspired gas delivered to in-
tubated patients, at low relative humidity
and at temperature below that of the
body, may dry secretions pooled in the
proximal trachea and ETT, leading to air-
way obstruction. Under such conditions
the Mucus Slurper can malfunction, as
the suction line did become plugged with
thick mucus.

The Mucus Slurper was designed to
aspirate tracheal secretions as they reach
the tip of the tracheal tube and has sev-
eral advantages over conventional meth-
ods of tracheal suction. We had shown
that the Mucus Slurper, using a vacuum
supply of 450 mm Hg and activated every
2 mins, was safe and aspirated efficiently
all mucus that reached the very tip of the
tracheal tube (15). In our preliminary
studies we found no difference in effi-
ciency or safety by decreasing the dura-
tion of aspiration of the Mucus Slurper
(0.1– 0.3 secs) or the vacuum supply
(450–300 mm Hg). The Mucus Slurper
used in this study contained eight holes
(1.3 mm internal diameter) arranged ra-
dially at its tip and was connected to a
source of vacuum at 300 mm Hg. At ex-
tubation, there was no mucus blocking
either the aspiration channels or the suc-
tion holes. The cuff of the Mucus Slurper
(Fig. 1) had been positioned at its very tip
to eliminate all dead space between the
cuff and its tip, a niche where mucus
could accumulate, and to avoid contact
between the tip of the Mucus Slurper and
the tracheal mucosa. This position pre-
vented, during aspiration, invagination of
tracheal mucosa into the suction holes,
which frequently occurs during tracheal
suction using commercially available
suction catheters (3). Aspiration with the
Mucus Slurper did not require disconnec-
tion from the ventilator, lasted only 0.3
secs, was always synchronized with the
early expiratory phase, and was repeated

Figure 3. Internal surface of tracheal tube (distal to the connector piece) after 72 hrs of mechanical
ventilation. A, tracheal tube conventionally suctioned with tracheal secretions covering entirely the
dependent part of the tube. B, Mucus Slurper with no mucus on the surface.
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automatically every 2 mins (or as pro-
grammed). In the study group, through-
out the study, we always found lower pro-
teins within the expiratory water trap
compared with the control group. We
also found an increase of mucus produc-
tion from day 1 to day 3 confirmed by the
total amount of mucus retrieved through
the Mucus Slurper. In the study group,
the efficacy of the Mucus Slurper was not
influenced by the increase in mucus pro-
duction, whereas in the control group the
water trap protein concentration rose
throughout the study (Fig. 2).

All sheep in our study were positioned
with the trachea/ETT below horizontal.
This position was expected to facilitate
mucociliary clearance by gravitational
force. We previously reported (17) lower
colonization of the lungs/airways with
sheep in that position, compared with
those positioned with the head elevated

45° above horizontal (as in the semire-
cumbent in the human). Similar to our
earlier findings, there was no bacterial
colonization of lungs and bronchi in
seven of ten sheep as reported here.

Following conventional tracheal intu-
bation, the proximal trachea and the ETT
are rapidly colonized. We found less col-
onization of the expiratory and inspira-
tory lines in the study group, although
the internal surfaces of the ETTs re-
mained colonized. The Mucus Slurper, if
coated with bactericidal agents, could
have a prolonged bactericidal effect (28),
since its internal lumen always remains
free from secretions through automatic
tracheal mucus aspiration.

Some aspects of this study may limit
direct application of our findings in the
intubated patient. First, an optimal hu-
midification that prevents loss of heat
and water at the proximal trachea is re-

quired for the correct function of the
Mucus Slurper. Second, sheep were anes-
thetized and paralyzed, and we have not
yet studied the Mucus Slurper in sedated
animals. Moreover, sheep were positioned
with the trachea orientated slightly below
horizontal, whereas mechanically venti-
lated patients generally are in the semi-
recumbent position (29). It was important
in our study that with the orientation of
the ETT and trachea slightly below hori-
zontal, mucus was cleared from the air-
ways without difficulty and was automat-
ically aspirated by the Mucus Slurper,
with no need for conventional suction-
ing. However, we can suppose that in the
semirecumbent position, the Mucus
Slurper can only prevent the buildup of
secretions within the ETT; thus, in such a
position some tracheal secretions, by ef-
fect of gravity, may not reach and conse-

Table 1. Bacterial colonization of airways and lungs (colony-forming units/g)

Sheep Species T RUB RUL RMB RML RLB RLL LUB LUL LLB LLL

Study group
1 — — — — — — — — — — — —
2 CoPd 1.8 � 105 — — — — — — — — 1.0 � 105 —
3 Bo 2.9 � 104 — — — — — 1.1 � 104 — — — —
4 — — — — — — — — — — — —
5 — — — — — — — — — — — —
6 — — — — — — — — — — — —

Control group
7 — — — — — — — — — — — —
8 — — — — — — — — — — — —
9 — — — — — — — — — — — —

10 PaH 2.9 � 105 — — 3.1 � 109 1.9 � 108 5.5 � 109 1.6 � 108 — — 7.3 � 104 —

T, trachea carina; RUB, right upper bronchus; RUL, right upper lobe; RMB, right medium bronchus; RML, right medium lobe; RLB, right lower
bronchus; RLL, right lower lobe; LUB, left upper bronchus; LUL, left upper lobe; LLB, left lower bronchus; LLL, left lower lobe; Bo, Bordetella
bronchiseptica; CorPD, Corynebacterium, pseudodiphterichum; PaH, Pasteurella haemolitica.

Bacterial species considered pathogenic for the respiratory system in sheep are in bold, and species considered to be commensal/nonpathogenic are in
italics.
Table 2. Bacterial colonization of the water trap and inspiratory and expiratory lines

Sheep

Inspiratory Line Water Trap Expiratory Line

24 Hrs 48 Hrs 72 Hrs 24 Hrs 48 Hrs 72 Hrs 24 Hrs 48 Hrs 72 Hrs

Study group
1 �Hest — — SMa; EClo; StA SMa; StA; Pa; EClo; �Hest SMa; StA; Aci — — —
2 — �Hest Aci PaA; �Hest Pa; �Hest; PaH; KIOx; SMa; �Hest; PaH; KIOx — — —
3 — — — — Bo; Eco; Mi; PaH; Bo; Eco; PsA; StA; — — —
4 — — — Eco Eco Eco — — —
5 — — NA Mi; PaH; �Hest Mi; PaH; �Hest NA — — NA
6 — — — Ba StA; EFae StA; Ba; Eco — — —

Control group
7 PaH; �Hest Eco; EClo NA PaH; �Hest; Eco EClo; Eco Eclo; �Hest; — — —
8 — — PsA PaH; Ba AciB; Eco; EClo PsA; AciB; EClo — — PsA
9 Ba — — EClo EClo; Eco PsA; EClo — — PsA; EClo

10 Mi PsA PsA Mi PsA PsA; PaH — PsA PsA

�Hest, � Haemolityc streptococcus; Aci, Acinetobacter species; AciB, Acinetobacter baumannii; Ba, Bacillus species; Bo, Bordetella bronchiseptica;
Eclo, Enterobacter cloacae; EFae, Enterobacter faecalis; Eco, Escherichia coli; KIOx, Klebsiella oxytoca; Mi, Micrococcus species; NA, not available; PaH,
Pasteurella haemolytica; Pa, Pasteurella species PsA, Pseudomonas aeruginosa; SMa, Stenotrophomas maltophila; StA, Staphylococcus aureus.

Bacterial species considered pathogenic for the respiratory system in sheep are in bold, and species considered to be commensal/nonpathogenic are in italics.
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quently may not be aspirated at the tip of
the Mucus Slurper.

Our results have tested the feasibility
of the use of the Mucus Slurper for 72 hrs
without conventional tracheal suction.
Application of the Mucus Slurper in clin-
ical settings, considering limitations of
its use at this time, could improve patient
care avoiding the use of conventional
suctioning and obstruction of the lumen
of the ETT.

CONCLUSIONS

In sheep mechanically ventilated for
72 hrs, with the trachea positioned below
horizontal, use of the Mucus Slurper is
more safe and effective than conventional
tracheal suctioning. Clinical studies are
required to confirm those findings in the
human.
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