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Patients are admitted to the intensive care unit (ICU) when vital body tunctions

are threatened and action has to be taken to prevent, reverse or minimize damage

to organs like the brain, kidney and gut. In case of cardiovascular and respiratory

failure, inotropes and mechanical ventilation are applied to improve the oxygena-

tion of the tissues. Despite these corrective measures, a further derailment of vital

body functions may occur with multiple organ tailure as a result. One of the vital

body functions that may be compromised is the host defence, making the patient

vulnerable for developing nosocomial infections.

The intact skin and mucous membranes, as part of the non-specific host de-

fence, are important barriers for potentially pathogenic microorganisms (ppmo)

like Sfrip/iy/oaxrus au/vus. Kwrn>6<iif«'n<u«w and /VHI/OHIO/KJ.* ucni^ifiosa.

These structures prevent the invasion of microorganisms not only in a mechanical

way but also by limiting the adherence of ppmo's. In healthy subject», the oral cav-

ity is colonized by a myriad of large numbers of aerobic Gram poMiivc .is well ,is

anaerobic bacteria (1). In critically ill patients, however. Gram• negative bacteria

(CNB) often colonize the oral mucosal cavity (2). If ventilated, colonization of the

oral cavity with CNB occurs within 48-72 hours of admission to the critical care

area (3). Because of micro-aspiration, the trachea and even the lung may also he

come colonized with ppmo's and a nosocomial pneumonia m.iv subsequently de-

velop (4). Especially mechanically ventilated patients are at risk ol developing

nosocomial pneumonia, a so-called ventilator-associated pneumonia (VAP) (5),

the most prevalent nosocomial infection in the ICU (6).

In healthy subjects saliva plays a key role in maintaining the intactness of the

oral mucous membranes and the health of the oral cavity through its antimicro-

bial, lubricating, and buffering properties (7,8). In relation to the oral flora, saliva

is capable of regulating the composition of this flora by means of its antimicrobial

activity creating a selective microbial clearance or adherence. Several components

of saliva contribute to this antimicrobial activity, i.e. lysozyme, lactoferrin, peroxi-

dases, fibronectin, histatins, cystatins, proline-rich glycoproteins, slgA and mucins

(9). Patients admitted to the intensive care either in an emergency or following

elective surgery often require oral intubation to facilitate mechanical ventilation. It

is generally accepted that these patients suffer from dryness of the mouth due to a

lack of normal salivary secretions (xerostomia).

Several drugs, used routinely in the ICU, can contribute to xerostomia (10). Also

intubated patients are forced to keep their mouths open at all times leading to dry-

ness of the mucosa (11). It is also common practice in intensive care units to keep

patients deliberately "dehydrated" in order to improve respiratory and cardiac
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function. In time xerostomia will lead to mucosal damage and subsequently mu-

cositis. These changes to the oral mucosa in intubated ICU patients may increase

bacterial adherence to the epithelial cells in the oral cavity, thus making coloniza-

tion and proliferation much more probable (12). A limited number of studies

(13,14,15) have examined the extent of mucositis and salivary flow in relation to

oropharyngeal colonization. These studies included patients with the Sjogren syn-

drome and irradiated head and neck cancer patients, never ICU patients.

A prospective study was therefore conducted to investigate salivary characteris-

tics, incidence of oral mucositis, and oropharyngeal colonization in ICU patients

and compared the results with peri-operative observations in patients admitted for

elective coronary by-pass surgery (chapter 1). The latter patients experience a se-

rious but relatively short lasting injury while the ICU patients were critically ill

during a much longer period of time.

Of all antibiotics prescribed for therapy in ICU patients, approximately 50% are ad-
ministered for respiratory tract infections, especially VAP (16). The overuse of an-
tibiotics creates a constant threat for selection and induction of multi-resistant
pathogens, a nightmare for every ICU. One of the methods to achieve a reduction
of antibiotic use is to shorten the duration of therapy for respiratory tract infec-
tions. The appropriate duration of antibiotic therapy for VAP is however question-
able. The course of infectious parameters in patients appropriately treated for VAP,
could be utilized, among others, to draw up guidelines. Although guidelines have
been issued by the American Thoracic Society (ATS) on the duration of antibiotic
therapy for VAP (17), these recommendations are not based on the results of
prospective studies regarding the resolution of infectious parameters. In general,
there is sparse information about the resolution of infectious parameters associ-
ated with VAP after institution of appropriate antibiotic therapy: chapter 2 de-
scribes such a prospective study.

The etiologic spectrum of VAP over time resembles that of cystic fibrosis (CF);
in the first days after the start of mechanical ventilation VAP is mainly caused by
Gram-positive micro-organisms (S. aurfus) while later on a shift in etiology takes
place toward GNB, especially /'. aenigi'Hosa I 18,19). Despite appropriate antibiotic
therapy for VAP caused by GNB, there is persistence in colonization with GNB of
the lower airways, whereas Gram-positive microorganisms are easily eradicated.
Why this difference in colonization? One of the explanations could be an alteration
in airway mucins composition. These mucins, which are a major component of the
mucus layer, play an important role in the innate immunity of the lower airways,



prelecting the respiratory mucosa from ppmo invasion (20). Alteration of the com-

position of airway mucins could be favourable for the persistence of CNH. Indeed

in CF patients suffering from persistent GNU colonization, increased levels of sul-

fation and sialylation of mucin.s in sputum have Ixvn reported (21). Theivfore we

performed a prospective study comparing the levels of sulfated mucins in bron-

choalveolar lavage fluid in ventilated ICU patients with and without VAP with nun

ventilated subjects (chapter 3).

Alterations of host defence in ICU patients do not only occur at the level of in

tactness of (mechanical) barriers, but other components of the nun specific and

specific immunity, may be compromised as well (22). Impaired cellular immunity

may result in reactivation of latent viral infections. Herpes viruses such as Herpes

simplex virus type 1 (HSV I) and Cvtomogalovirus (CMV) have the ability to es

tablish a lifelong latent infection after primary infection. Reactivation can load to a

serious systemic disease mostly occurring however in case of sever* immunosup

pression. On the other hand, asymptomatic shedding or incomplete reactivation

has been documented, also in apparently imimmocomprlenl individuals (2<).

During reactivation, these viruses are able to cause mucosal damage ol I In- upper

en lower airways. HSV-1 can cause gmgivo stomatitis, and even liai hoobmnchilli»,

which has been described in intensive care patients (24), CMV can cause xerosto-

mia (25) and even pneumonia (26J. Interestingly CMV influences the degree of

oropharyngeal colonization with GNB, as was shown in renal transplant (27).

Apart from a possible effect on the upper or lower respiratory mucous membranes,

these viruses can also infect circulating monocytes and endothelial cells with en-

hanced coagulation as a result (28,29). Moreover, reactivation of CMV may further

compromise patient's host defences (30).

Indeed, there have been reports on the reactivation of Herpes viruses in the ICU

setting. Especially in surgical, trauma, and burn patients (31,31,33). Herpes virus

involvement has also been documented in ARDS (34). These studies have their

limitations because the groups patients were highly selected. Furthermore these

studies were retrospective, and a very limited number of samples were taken and

or a limited number of laboratory techniques were applied. Until recently, a CMV

infection was assessed by a fourfold rise in serological titer or by demonstrating a

cytopathological effect in cell cultures. These techniques were used in some of the

above-referenced studies. Nowadays, more sophisticated and sensitive methods,

like CMV antigenemia, Polymerase chain reaction (PCR) and nucleic acid se-

quence-based amplificapion (NASBA), are at our disposal for the detection of CMV

(35,36). The results regarding CMV detection by means of these techniques in ICU
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patients are conflicting. In contrast to Stephan et al, who found no CMV reactiva-

tion in blood and BAL samples in mechanical ventilated ICU patients (37), Kutza

et al. reported a high incidence of active CMV infection in blood samples of septic

ICU patients (38).

Therefore two prospective studies, investigating the incidence of reactivation of

CMV and HSV-1, were carried out. In these surveying studies, oral swabs, urine,

blood samples were collected at regular intervals in a unselected group of ICU pa-

tients and were analysed for the presence of these viruses by means of culture and

molecular biological methods. One study (Chapter 4) was performed in patients

undergoing elective coronary bypass surgery. The burden of hemodynamic insta-

bility, mechanical ventilation, starvation, medication and other possible factors

that may modulate host defence is of relatively short duration. In addition, pa-

tients can be studied before the intervention. The second study (Chapter 5) was

performed in p.itients admitted to the intensive care because of the need for me-

chanical ventilation, with an expected duration of ICU stay of at least 7 days.

Compared to coronary bypass surgery patients, these patients are more seriously

ill over a longer period of time and the incidence, the duration and systemic distri-
bution of the viral reactivation may therefore be enhanced. Additionally, all bron-

choalveolar fluid samples of these patients obtained as part of the diagnostic work-

up of VAP were tested for the presence of HSV and CMV.
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Abstract

e: To investigate salivary flow and incidence of oral mucositis in ICU pa-

tients compared to patients admitted because of elective coronary by-pass surgery

(CABG). In addition, the pattern of oropharyngeal colonization was investigated in

these patients.

Design: Prospective study.

Seffmg. Mixed intensive care unit and cardiosurgical ward.

s: In this study 24 ventilated ICU patients and 20 CABG patients were in-

cluded.

Mra.<;uriem?nf5 and Main /tesu/rs: Two dental hygienists examined ICU patients for

the presence of periodontal disease and mucositis on admission and subsequently

every week during their stay in the ICU. At the same time stimulated salivary flow

(SSI) and salivary total IgA output was measured.

Oropharyngeal cultures were obtained as well. CABG patients were examined the

day before the operation, one-day, one-week and two weeks after the operation.

The following results were obtained: (1) temporarily reduced post-operative SSF

and total salivary IgA output in CABG patients and nearly absent SSF in ICU pa-

tients; (2) oropharyngeal colonization with potentially pathogenic micro-organ-

isms (PPMO) in ICU and not in CABG patients; (3) the increase in mucositis index

in ICU patients parallels the increase in PPMO oropharyngeal colonization, espe-

cially Knfem/NJffrrinmie and P.

Condtisjon: absence of adequate salivary flow in intubated ICU patients causes se-

vere xerostomia, which may contribute to the development of mucositis and

oropharyngeal colonization with Gram-negative bacteria.

10
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Introduction

Human saliva plays a key role in maintaining the health of the oral cavity through
its antimicrobial, lubricating, and buffering properties (1.2). In relation to the oral
flora, saliva is capable of regulating the composition of this flora bv HUMUS of its
antimicrobial activity creating a selective microbial clearance or adherence (3-7).
Several components of saliva attribute to this antimicrobial activity, including
lysozyme. lactoferrin. peroxidases. fibronectin. histatins. cvstatins. prolinerich
glycoproteins. slgA and mucins (8.9).

Human saliva present in the oral cavity originates from the glandula parotis.
submandibularis. sublingualis and minor salivary glands. During davtime unstim
ulated salivary flow is estimated between 0.25-0.35 ml/min. which can increase to
4-6 ml/min when stimulated by eating and chewing. When asleep salivary flow Is
nearly absent and falls below 0.1 ml/min. The amount of saliva during the night
(tlOml/8 hrs) is accounted for by the submandibularis (70%). suhlingualis
(15%) and minor salivary glands (15%). The mucins from these glands are re-
sponsible for the viscoelasticity of saliva. When asleep saliva becomes more vis-
cous because the production of saliva from the glandula parotis stagnates com-
pletely. During daytime the viscosity of saliva fluctuates due to variations in secre-
tion rate of the low-viscous parotid saliva. The daily amount of whole saliva pro-
duced based on these flow rates is between 500-600 ml (10). Fifty percent of this
amount is unstimulated whole saliva, which protects the oral cavity during most
hours of the day. Hyposalivation is defined as an unstimulated salivary flow below
0.25 ml/min, severe xerostomia is present when unstimulated salivary flow falls
below 0.1 ml/min. Salivary flow is reduced by several conditions including auto-
immune diseases (Sjögren's syndrome, rheumatoid arthritis, systemic lupus ery-
thematosus), genetic disorders, after radiotherapy in head and neck cancer pa-
tients, or dehydration due to fever, diarrhea, burns and reduced oral intake of flu-
ids. In addition medication can play a role in the reduction of salivary flow and xe-
rostomia, particularly by Pharmaceuticals that block the central and peripheral
nervous system. It is generally accepted that reduced salivary flow or lack of sali-
vary secretion can lead to deterioration in oral health, and subsequently mucositis
(11) and changes in oropharyngeal colonization. For instance in irradiated head
and neck cancer patients, who often suffer from acute, severe xerostomia and mu-
cositis, frequently oropharyngeal colonization with Gram negative bacteria (GNB)
and yeasts occurs (12,13). So severe mucositis, exposing basal cells and thereby
unmasking receptors for bacterial adherence, seems to be a favorable condition for
GNB colonization.

11
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Ventilator-associated pneumonia (VAP) is a common infection in intensive care

unit (ICU) patients (14). In ICU patients who are on mechanical ventilation the av-

erage incidence rates of VAP ranges from 9-78% (15,16). Early-onset VAP, occur-

ring during the first 4 days of hospital stay are often caused by Srap/iy/ococcus au-

reus, Haemop/ij/us in/Zumzae and Srrepfococcus pneumomae. VAP that occurs

more than 4 days after admission (late-onset) is more commonly caused by

finfpro/jarferiacttie, Pseudomonas amiginosa and S. aureus (14).

Oropharyngeal colonization with these potentially pathogenic micro-organisms

(PI'MO) and subsequently tracheal colonization, due to microaspiration, precedes

VAP. Because of the protective role and host defense functions of saliva it can be

hypothesized that a severe reduction of salivary flow leading to xerostomia and

subsequently mucositis could attribute to oropharyngeal colonization in ICU pa-

tients.

To the best of our knowledge no one studied salivary characteristics and oral in-

flammation (mucositis) in ICU patients. Therefore we investigated salivary flow

and incidence of oral mucositis in ICU patients compared to patients admitted be

cause of elective coronary by-pass surgery (CABG). In addition, the pattern of

oropharyngeal colonization was investigated in these patients.

Materials and Methods

The study was conducted in the ICU and cardiosurgery ward of the University

Hospital Maastricht from January 1, 2000 until July 1, 2000. The study group was

comprised of 24 patients who were admitted to the ICU because of the need of me-

chanical ventilation for at least 48 hrs, and 20 patients admitted because of elective

coronary by-pass surgery. Exclusion criteria for patients admitted to the ICU and

cardiosurgery ward were a history of chronic obstructive lung disease, connective

tissue diseases and patients using immuno-suppressive medication including corti-

costeroids. All ICU and coronary artery by-pass (CABG) patients who had a history

of irradiation therapy of head and neck region, surgical intervention of any of the

major salivary glands, or any disease associated with salivary gland dysfunction

were excluded from the study. Only ICU patients who were orally intubated were

included into the study, if not. they were excluded from the study. CABG patients

were excluded if not extubated within 24 hours. The Institutional Review Board

approved the study and informed consent was obtained from all patients.

12
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The age and sex were recorded in all patients. In addition, the following charac-
teristics in ICU patients were recorded: the length of hospital stay More admission
to ICU. the acute physiology and chronic health evaluation (APACHK) II admission
scores as described by Knaus et al. (17). the reason for intubation, and the number
of days patients were intubated.

Antibiotic use was monitored prospectively in all ICU patients. Antibiotic pro-
phylaxis in CABG consisted of cefazolin prophylaxis during 24 hours, the first dose
being administered one hour before the operation.

Induction of general anesthesia in CABG patients was performed with etomi-
date, fentanyl and pavulon and maintained with morphine .tiul piopolol until nor-
mal blood temperature was reached. As normal blood temperature was reached,
anesthesia was discontinued and extubation followed within 24 hours in all CAHG
patients included into the study. In ICU patients, the physician in charge deter-
mined duration, dose and indication of anesthetics. Patients received either propo-
fol or midazolam in combination with morphine it indicated.

In ICU patients stimulated salivary samples and oiophaiyngeal cultures were taken
within 48 hrs after admission between 10.00 a.m. and 11.00 a.m., from then on
once a week until discharge from the ICU. CABG patients were sampled at 4 points
in time between 10.00 a.m. and 11.00 a.m.; the day before the operation (Day-1),
and subsequently 1 day (Day+ 1), 7 (Day + 7) and 14 days (Day + 14) after the op-
eration. The oral care protocol in ICU patients consisted of cleaning the oral cavity
with sterile cloth drenched with NaCl 0.9% twice a day.

In ICU and CABG patients stimulated saliva was collected by means of a sterile
cotton wool swab (prepared with citric acid 20mg/cotton wool swab), which was
removed from a salivette (Sarstedt, Numbrecht, Germany) and introduced in the
both pouches for 5 minutes. After removal of the swabs they were inserted into the
salivette and centifugated at 5000 x g for 5 minutes at 4 °C, volume of saliva was
measured with a sterile 2 ml pipette and stored at -20°C until measurement of total
IgA. Stimulated salivary flow was expressed as the colleted volume in milliliter
during 5 minutes. Salivary total IgA determination was performed as described be-
fore (18).

Oropharyngeal cultures were taken with a sterile swab (Copan Italia, Brescia,
Italy) and directly transferred into agar transport medium and thereupon inocu-
lated on blood agar (Becton Dickinson, Columbia agar), cysteine lactose elec-

13



C/mpfer ]

trolyte-deficient agar (Becton Dickinson. CLED 43331), Haemophilus selective

agar, and streptococcus and staphylococcus selective agar. The number of colony

forming units (CFU) was determined semi-quantitatively by the four-quadrarr

method as describe previously (19,20).

Afucosifis and fleriodoma/ disease

Two dental hygienists examined all patients for the presence of periodontal disease

by using the Community Periodontal Index of Treatment Needs (CPITN) (21) and

oral mucositis. CABC patients were examined the day before the operation (Day

1), and subsequently 1 day (Day + 1), 7 (Day + 7) and 14 days (Day + 14) after the

operation. ICU patients were examined within 48 hours after admission and subse

quently once a week until discharge from the ICU. Oral mucositis was determined

by means of a quantitative scale of oral mucositis adopted and modified from

T.irdieu et al (22) as described in Table 1. An index of mucositis was calculated by

.Hiding up the scores obtained for these parameters, ranging from 0 to 39. The

index of mucositis was transformed into four levels of mucositis: 1 to 5; Level O, 5

to 10; Level 1. 11 to 20; Level 2 and 21 to 39; Level 3.

Srarisfica/ /Uia/ysis

Data are expressed as mean ± S.D. The Wilcoxon Rank test for paired samples

was used for comparison of dependent values in time. A p-value < 0.05 was con-

sidered significant. Spearman's coefficient with two-tailed significance levels was

used for correlation analyses.

14



U b i t 1 . Scale of oral mucositis

Up*
Aspect

Color

"Grade 0

Smooth, soft

Pa4epink

Grad« 1

Slightly wrinkled

One to several

reddened wnes

6nd*t

Rough

Red, several
inflammatory

zonev one zone
of desquamatton

Oiade 3

Tumefied, cracked

Ulcerated. Weeding

Red. bleeding

Dryness Humid Slightly dry fry Cracked

Gingiva

Aspect

Color

Dryness

Buccal mucosa

Aspect

Color

Dryness

Tongue

Aspect

Color

Dryness

Saliva

Smooth, glossy

Pink

Humid

Pink, Smooth

Pink

Humid

Firm prominent

Papilla

Pink

Humid

Fluid, light

1 to 2 inflammatory

zones or 1 to 2 white

plaques

Pale

Slightly dry

1 to 2 inflammatory

zones

1 to 2 white plaques

(20%)

Pink with some

zones

Slightly dry

White coating

Prominent red papilla

Inflammatory zones

Marked median line

Pink with red or

white zones

Dry
Hardly mobile and

painful

Decreased

Whitish coating

Desquamation

Inflammatory

»ne (10-50%)

tad

fry

Tumefied

White coating

Desquamation

(10-50%)

Red (>20%)

Dry

Heavy tumefied

base

Prominent red

papilla

Entirely red

with even red

papilla

Very dry and

tumefied

Thick and

Viscous

Ulctratton *

edema«

bleedtng

Shiny red

Bleeding

Bleeding, ulceration

Inflammation (>50%)

+edema

White plaques

Dark red

Ulcerated

Heavy, thick,

tumefied

Ulcerated, streaked

Extremities dark red

White coating

Vesicles, black ulcers

Very dry and rough

Rare

Mouth dry

IS



Results

C/iararrerisfrcs

A total of twenty CABG patients, 14 male and 6 female, were included in the study.

Mean age of CABG patients was 61 yrs. range 41-77. In all CABG patients analgesic

and sedative drugs were discontinued within 12 hours after the operation. Also ex-

tubation was performed within this time period in all CABG patients. The charac-

teristics of 24 included ICU patients are summarized in table 2.

Sa/iVary /7ou> rare arid Tora/ sa/ii>ary /#A

The mean stimulated salivary flow rate (SSF) in CABG patients showed the follow-
ing results: Day-1: 2.5 ± 0.8. Day + 1: 0.5 ± 0.7, Day + 7: 1.8 ± 1, Day + 14: 2.5 ±
0.9 ml/5min (Figure 1). A significant fall in SSF was observed directly postopera-
tive (p<0.01). which gradually returned too normal within 14 days.

In 4 of 24 ICU patients, it was possible to collect stimulated saliva only during
the first week of admission. In these instances the salivary flow was less than 0.5
ml/5 min (Figure 2). In the other 20 patients, salivary flow was so low that we

Table 2. Characteristics of the 24 ICU patients

Characteristic

Male/female

Mean age (yr, ± SD)

APACHE I I score (mean i SD)

Days in hospital prior to ICU; median (range)

Time to extubation (days, mean ± SD)

Antibiotic use on admission; no. of patients (%)

Reason for intubation; no. of patients (%)

shock

neurologic disease

trauma

respiratory failure

elective

pneumonia on admission

cardiovascular

' excluding prophylaxis

13/11

58 i 18.6

23.0 ± 5.4

0(0-13)

20.4 ± 7.5

12(50)»

6(25)

5(20.8)

4(16.7)

3(12.5)

3(12.5)

2 (8.3)

1 (4.2)
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Figure. 1. Stimulated ulivaiy flow rite in CABG patients.

were not able to collect stimulated saliva at any time. As a whole, ICU patients suf-

fered from an almost absent SSF.

Mean salivary total IgA output (microgram per minute) decreased significantly

in CABG patients the first postoperative day (13.3 ± 20.3 ug/min) compared to be-

fore the operation (22.5 ± 16.8 ug/min, p <0.05) but not compared to one (19.6

± 19.7 ug/min, p = 0.35) and two weeks (22.1 ± 33.0 ug/min, p = 0.56)) after the

operation. In ICU patients salivary total IgA output could not be measured because

of absent salivary flow.

Figure. 2. Stimulated salivary flow rate in ICU patients.

17



Chapter 2

use

When excluding prophylaxis, 12 patients received antibiotics upon admission to

the ICU. Of these 12 patients, the reasons for prescribing antibiotics upon admis-

sion were respectively, abdominal sepsis (n = 4), urosepsis (n~2), community

acquired pneumonia (n -4 ) and pneumonia due to aspiration (n -2 ) . Abdominal

sepsis was treated with amoxicillin-clavulanate and gentamycin ( n - 2 ) , imipenem

monotherapy ( n - 1) or ciproxin, clindamycin and gentamycin ( n - 1). Urosepsis

was treated with amoxicillin-clavulanate and gentamycin. Community acquired

pneumonia was treated with amoxicillin-clavulanate. In one of these patients ery-

thromycin was added initially because of the suspicion of a legionella infection. In

7 patients antibiotics were prescribed in the second week after admission.

Vancomycin or flucloxacillin was given in 4 patients because of a bacteremia due

to a central venous catheter infection. The remaining 3 patients were treated be-

cause of a nosocomial respiratory infection with the combination piperacillin and

gentamycin or piperacillin-tazobactam monotherapy. In the third week after ad-

mission 2 patients received piperacillin-tazobactam because of a nosocomial respi-

ratory infection. Three patients did not receive antibiotic therapy, when prophy-

laxis was excluded. In all three cases it concerned prophylaxis with flucloxacillin

in neurosurgical patients.

CABG patients did not acquire PPMO alongside their normal oral flora. Calculating

the percentage of ICU patients which acquired oropharyngeal colonization with S.

aureus, H. influenzae, Enrerobacreriaceae and P. aeriiginosa showed an increase in

patients who became colonized with the latter two (Figure 3). Analysis of the

semi-quantitative oropharyngeal cultures of ICU patients are depicted in Table 3,

and showed a significant increase in cfu/ml of Emerobacferiaceae and P. aerugi-

mwa, in the second and third week after intubation.

AfuctKjf «s and Periodonfa/ disease

Although there were subjective complaints of dry mouth in CABG patients post-
operative, no signs of mucositis were documented. In ICU patients median mucosi-
tis index increased significantly in time from 2 ± 3.2 at admission to 19 ± 5.9
after 3 weeks of intubation (p<0.01. Figure 4). During successive weeks 79%,
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Figure. 3. Percentage of ICU patients who showed oropharyngeal colonization with

5. ourtus, £nferofroct«noc*o* and P.

Table 3. Semi quantitative oropharyngeal cultures a of isolated micro-organisms in ICU patients

Admission

Weekl

Week 2

Week 3

(n-24)

(n-24)

(n-15)

(n-8)

5. ourrus/W. m/fueruot

0.5 ±1.5

0.75 ± 2.1b

0 ± 0 b

0 ± 0 b

fntfrooocten'ocMr

0.9 ±1.3

4.5 ± 4.0c

6.6 ± 2.8c

6.1 ± 3.5c

P. otrugtnoM

0 ± 0

0.7 ± 1.8c

2.2 ± 3.lc

3.3 ± 2.8c

* Log values expressed as mean ± SD. Values compared to those on admission; *• p-value non-significant,

*" p< 0.01 and ̂ p< 0.05 significant.

25%, 12% and 0% of patients remained free of mucositis (Table 4). No difference

in mucositis index was found between dentate ICU patients and those without

dentation. No change occurred in CPITN score during admission. Median CPITN

score on admission between CABG and ICU patients showed no statistical differ-

ence (2.8 versus 3.0, p = NS).
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Chapter

1 2
week after admission

Figure. 4. Percentage of ICU patients who showed oropharyngeal colonization with

S. aureus, fntertJ&arteriaceae and P. oerugmoso.

Table 4. Level of mucositis in ICU patients during the observation period.

Level

0

1

2

3

Admission

(n-24)

19 (79%)

4 (17%)

1( 4%)

0 ( 0%)

Week 1
(n-24)

6 (25%)

12 (50%)

5(21%)

1( 4%)

Week 2
(n-16)

2 (12%)

3 (19%)

9 (57%)

2 (12%)

Week 3
(n-7)

0( 0%)

1 (14%)

4 (57%)

2 (29%)

Murosiris and Orop/zaryngea/ co/onizarion

Correlation analysis between mucositis index and oropharyngeal cultures revealed
a significant correlation between mucositis index and Emerobacferiacvae in the
second and third week (r - 0.67. P< 0.01 respectively r - 0.55, P< 0.05) and P.
a?n<giru>$<2 in the third week (r - 0.55, P< 0.05). Of the 24 ICU patients included
in this study, only 3 patients did not receive antibiotic therapy. l\vo of those 3 pa-
tients developed a mucositis index of more than 10 points in the second week after
admission and these 2 patients acquired increasing oropharyngeal colonization
with fc'mtwbüiffriacttif and/or P. aerugt/ittfu in the second and third week after
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admission. The remaining 21 ICU patients did receive antibiotic therapv. Eight out

of those 21 ICU patients received piperacillin in combination with gentamycin or

piperacillin-tazobactam monoiherapy. both highly active against gram-negative

bacteria, in respectively the second and third week after admission. In all but one

of those 8 ICU patients, semiquantitative cultures showed an increase in

EnreHJftarrendrtu«* and/or P. aerugirto&i colonization in the second and thud week

after admission. The mucositis index of those patients increased in the second and

third week after admission, ranging from 17-28 points. The one patient that was

not colonized with GNB had a mucositis index of less than 10 points.

Discussion

Three major findings emerged from this study that require comment: (1) reduced

post-operative SSF and salivary total IgA ouput in CABC patients and nearly ab-

sent SSF in ICU patients; (2) differences in oropharyngeal colonization with I'I'MO

between CABG and ICU patients; (3) the increase in mucositis index in ICU pa-

tients parallels the increase in PPMO oropharyngeal colonization, especially

EmiTöbacrcriaceüe and P. acrugmosa.

The temporarily fall in SSF in CABG (figure 1) can be explained by several fac-

tors such as; postoperative stress, peri-operative changes in fluid balance, hy-

pothermia, and adverse effects of anesthetics especially morphine (23,24). CABG

patients were extubated within 24 hours and resume oral intake the second post-

operative day. The oral intake stimulates salivary flow and produced saliva pro-

tects the mucosa from dehydration and the development of mucositis. In addition,

PPMO are rinsed out of the oral cavity. Compared to CABG patients, we docu-

mented a nearly absent salivary flow in intubated sedated ICU patients (Figure 2),

which can be explained by several circumstances such as the severity of the dis-

ease resulting in intubation and admission to the ICU, lack of normal oral intake,

fluid balance disturbances, extended use of morphine required because of con-

trolled mechanical ventilation or pain management. Apart from the inadequate

flow, the saliva is not distributed through the oral cavity in a supine sedated pa-

tient and severe xerostomia was therefore generally present in ICU patients.

CABG patients did not acquire oropharyngeal colonization with PPMO. This is

in agreement with Niederman et al. (25) who found that normal squamous cells

(from buccal mucosa) are fairly resistant to GNB adherence. Early recovery of sali-

vary flow and the absence of mucositis in these patients possibly prevented the ad-
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herence of these microorganisms to the mucosal surfaces. A number of compo-

nents (fibronectin, histatins, mucins etc.) can be measured (8) to estimate the

quality of saliva; we choose to measure salivary total igA output/min (18) in our

patients as indicator of salivary output. Only the first day after CABG surgery this

parameter was significantly reduced. Thereafter salivary IgA output/min did not

differ from pre-operative measurements. In ICU patients it was not possible to as-

sess salivary total IgA because of absence of adequate salivary flow. Therefore,

mucosal surfaces do not only lack hydration and lubrication but also the salivary

components with antimicrobial properties like lysozyme, lactoferrin, peroxidases,

fibronectin, histatins, cystatins, proline rich glycoproteins, slgA and mucins (8,9).

The absence of these antimicrobial components may have played a role in the al-

teration of colonization: in the ICU patients we documented disappearance of

S. aureus, and increased GNB oropharyngeal colonization in the second and third

week after admission (Figure 3).

It is tempting to assume that the documented impairment of salivary flow plays

a key role in this process. Because saliva is not equally distributed in the orophar-

ynx tngi'thiT with nearly absent salivary flow in ICU patients, it can be expected

that the saliva that is available cannot perform its normal antimicrobial activity.

The oral mucosa does not only lack the hydration and lubrication and cleansing

normally provided by saliva, also diminished salivary output provides fewer an-

timirrohial agents to the oral cavity, which could facilitate oropharyngeal coloniza-

tion with I'l'MO. Probably several components of saliva are essential for the pre-

vention of colonization with PPMO. In seriously ill patients elevated salivary pro-

tease activity and reduced salivary flow, has been associated with a high suscepti-

bility to oropharyngeal colonization by fi aeru^mosa and adherence of MebsiW/a

s/wriex to human buccal epithelial cells (26,27). Also fibronectin may play a role in

prevention of PPMO colonization (26,28), although not all studies confirm this as-

sumption (29). In addition, it has been suggested that dental plaque in ICU pa-

tients may be an important reservoir of PPMO from where oropharyngeal coloniza-

tion with PPMO occurs (30). On the other hand edentulous ICU patients not wear-

ing dentures also showed oropharyngeal colonization with PPMO (31).

Our results demonstrate that during prolonged oral intubation ICU patients de-

velop mucositis (Figure 4), the severity being quite comparable to mucositis

recorded in irradiated head and neck cancer patients. Probably the absence of

saliva plays a part in the development of mucositis in ICU patients. Wolff and

«workers, who studied subjects being evaluated in a dry mouth clinic, also found

that patients with a total lack of salivary flow rarely had a normal appearing oral
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mucosa (11). The severity of the mucosal lesions was however mild in these pa-
tients. In contrast with 1CU patients, these patients were not sedated and therefore
able to moisture their oral cavities.

Finally we found that the severity of mucositis in ICU patients parallels with the
increased oropharyngeal colonization with CNB during the second and third week
of admission. This corresponds with the occurrence of late-onset GNB VAP.
Although the effect of antibiotics on oropharyngeal colonization cannot be ex-
cluded, both patients with and without antibiotics directed against CNK acquired
GNB oropharyngeal colonization. In these patients the increase in CNB oropharyn-
geal colonization parallels the increase in mucositis.

An interesting question is if prevention of mucositis can prevent CNB oropha-
ryngeal colonization and subsequently development of VAI'f Unfortunately our
study was not designed to answer this question. Bergmans et al. (32) however,
concluded that oropharyngeal colonization is of paramount importance in the
pathogenesis of VAP. and a targeted approach to prevent colonization al this site is
a very effective method of infection prevention. They performed a prospective,
randomized, placebo-controlled double blind study, which showed that topical
prophylaxis, without influencing gastric and intestinal colonization and without
systemic prophylaxis was an effective method of preventing acquired CNB oropha-
ryngeal colonization. Also there was a clear reduction in the incidence of VAP
caused by GNB.

In conclusion, absence of adequate salivary flow in intubated ICU patients
causes severe xerostomia, which may contribute to the development of mucositis
and oropharyngeal colonization with GNB. The implementation of a well-devel-
oped oral care protocol in ICU patients can improve oral status (33), but the effect
of such a protocol on morbidity still needs to be established.
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Chapter 2

Abstract

Although recommended durations of antimicrobial therapy for ventilator-associ-

ated pneumonia (VAP) range from 7 to 21 days, these are not based on prospective

studies and little is known about the resolution of symptoms after start of anti-

biotics. Resolution of these symptoms were investigated in 27 patients. VAP was

diagnosed on clinical, radiographic and microbiological criteria, including quanti-

tative cultures of bronchoalveolar lavage. All patients received appropriate antibi-

otic therapy. Highest temperatures, leukocyte counts, PaC^/FiC^ ratios and semi-

quantitative cultures of endotracheal aspirates were recorded from start of therapy

until day 14. Resolution was defined as the first day that these parameters fulfilled

the following definition: 1) temperature < 38°C, 2) leukocytes < 10x10*71. 3)

PaCVFiOj ratio £ 25 kPa. 4) no or + 1 of bacterial growth of etiologic pathogens in

cultures of endotracheal aspirate. VAP was caused by Enferobarreriacea ( n - 14),

£ afriiKimua ( n - 7 ) , S. aim-us ( n - 6 ) , H. influenzae ( n - 3 ) , and S. pneumonia?

( n - 1). // in/7u<7izfi and S. pnt'umon/ae, were eradicated from tracheal aspirates,

whereas Enterobacteriaceae, S\ «uri'us and />. aenyjmosa persisted, despite in vitro

susceptibility to antibiotics administered. Significant improvements were observed

for all clinical parameters, most apparently within the first 6 days after start of an-

tibiotics. Newly acquired colonization, especially with /? ß«r(y?mo5a and Entero-

bacteriaceae, occurred in the second week of therapy. Six patients developed a

recurrent episode of VAP, four of them with P. aerugmosa. Clinical responses to

therapy for VAP occur within the first six days of therapy, endotracheal coloniza-

tion with Gram-negative bacteria persists despite susceptibility to therapy, ac-

quired colonization usually occurs in the second week of therapy and frequently

precedes a recurrent episode.
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Introduction

Ventilator-associated pneumonia (VAP) is the most frequent ICU-acquired infec-

tion among patients receiving mechanical ventilation ( I ) . VAP has been associated

with an attributable mortality of approximately 30% depending on the pathogen

isolated (2,3). especially when initial antibiotic therapv is inappropriate (4). Of all

antibiotics prescribed for therapy in intensive care patients, approximately 50%

are administered for respiratory tract infections (5). As a result. VAP has an impor-

tant impact on patient morbidity and mortality, as well as on the costs for health

care.

Diagnosing VAP is problematic because of the difficulties in distinguishing colo-

nization of the respiratory tract from infection of the lung parenchyma, and the ab-

sence of a clinically useful gold standard (6). In most ICUs the diagnosis is based

on a combination of clinical, radiographic and microbiological criteria. Although

the sensitivity of these criteria is high, specificity is low and antibiotics ,m- he-

quently prescribed unnecessarily. The enormous use of antibiotics creates ,i , on-

stant threat for selection and induction of resistant pathogens and exposes patients

to adverse effects. Therefore, reducing antibiotic use may have several beneficial

aspects. Reductions in antibiotic use may be achieved by preventing the develop-

ment of infections, optimizing the accuracy of diagnostic procedures (TJ, or reduc-

ing the length of treatment.

Little is known about the optimal duration of antibiotic therapy for VAP.

According to guidelines from the American Thoracic Society, VAP due to //. in-

/Zuenzae and methicillin-sensitive S. aureus should be treated for 7 to 10 days,

whereas episodes caused by P. aeruginosa and Arinefoöacfer spp. should be

treated for at least 14 to 21 days (8).

However, these recommendations are not based on the results of prospective

studies. Furthermore, there is sparse information about resolution of infectious pa-

rameters associated with VAP after institution of appropriate antimicrobial therapy.

Garrard and A'Court described a gradual normalization of a combination of clini-

cal, microbiological and radiographic parameters after the institution of antibiotic

therapy (9). And Montravers and coworkers demonstrated, with a second bron-

choscopy three days after institution of antimicrobial therapy, that appropriate

therapy results in a rapid bacteriological clearance of the distal airways. However,

the effects on clinical parameters was less evident (10J. The aims of the present

study were to describe the clinical and microbiological response to appropriate an-

timicrobial therapy in patients with VAP.
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Materials and Methods

The study was conducted in the ICU of the University Hospital Maastricht from

January 1, 1998 until January 1, 1999. The ICU is a 16-bed ward harboring a mixed

population of medical, surgical, trauma and neurologic patients.

and Da/a co//«7ion

All patients who received mechanical ventilation for > 48 hrs and met the criteria

for VAP (Table 1) were enrolled. Patients received empiric antibiotic treatment ac-

cording to culture results of previously obtained endotracheal aspirates, and an-

tibiotics were streamlined upon definite culture results from bronchoalveolar

lavage (HAL). Empiric therapy was considered appropriate when pathogens iso-

lated in significant amounts from BAL-samples were, in vitro, susceptible to the

antibiotics. Routine surveillance included microbiological analysis of endotracheal

aspirates on .utmission ,nul subsequently twice weekly. The duration of antibiotic

treatment was determined at the discretion of treating physicians. Demographic

data (i.e. age, sex, pre-existent diseases and length of hospital stay before admis-

Tablt 1. Criteria used for the diagnosis of ventilator-associated pneumonia

Criteria

A S3 positive of the following 4:

1. rectal temperature above 38.0°C or below 35.5°C

2. blood leukocytosis (>10.10Vmm*) and/or left shift or blood leukopenia (<3.10Vmm')

3. >10 leukocytes per high-power field in Gram stain of tracheal aspirate

4. positive culture from tracheal aspirate

and

B new, persistent or progressive infiltrate on chest radiograph

and

C 2 1 positive of the following 3:

1. positive quantitative cutture of a sample obtained by BAL (cut-off point > 10* cfu/ml)

2. positive blood culture unrelated to another source and obtained within 48 h before and after res-

piratory sampling

3. positive pleural fluid culture in the absence of previous pleural instrumentation

Pneumonia was diagnosed if A and B and C were positive. BAL bronchoalveolar lavage.
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sion). APACHE II admission scores were assessed as described by Knausel al. (11).
Clinical, laboratory and microbiologic variables were collected daily during 14
days starting at day 0. The following data were obtained: highest temperature, ar-
terial oxygen tension iPaOj)/fractional inspired oxygen (FiO..) ratio, leukocytes in
the peripheral blood, and semi-quantitative cultures of the endotracheal aspirate.
In case of a clinical suspicion of VAP. endotracheal aspirates were obtained just be-
fore bronchoscopy.

Samples of endotracheal aspirates were inoculated on blood agar (Kecton Dickin-
son. Columbia agar). cysteine lactose electrolyte-deficient agar (Becton Dickinson.
CLED 43331), Haemophilus selective agar, and streptococcus and staplwlococcus
selective agar. The number of colony-forming units (CPU) was determined semi-
quantitatively by the four quadrant method and classified as follows: no growth.
-»-1-10^ CFU/ml. 2 + -10* CFU/ml. 3 + - 10< CFU/ml and 4 + - 10* CFU/ml
(10). We previously demonstrated that there is a good correlation between semi-
quantitative and quantitative analyses of endotracheal aspirates. All semi -quantita-
tive cultures with 4 + growth had quantitative culture results of 2 10" Cl'U/ml
(12,13).

fteso/ufi'orc of m/ecrz'ous parameters

Four parameters i.e. highest temperature, leukocyte count in peripheral blood,

ratio and semi-quantitative culture result of endotracheal aspirate were
used to determine the resolution of infectious parameters. We adopted cut-off
points for "normality" based on common clinical practice i.e. 1) highest tempera-
ture < 38°C, 2) leukocyte count in peripheral blood < lOxlO-'/mm^, 3) PaCVFiOi
ratio > 25 kPa, 4) no or + 1 of bacterial growth, of bacteria similar to those isolated
from BAL samples, in semi-quantitative cultures of endotracheal aspirates. Resolu-
tion of ventilator-associated pneumonia was defined as the first day after start of
therapy at which all parameters were "normal".

For additional analyses patients were grouped according to the pathogens caus-
ing VAP: community-acquired pathogens like S. pneumomae, H. m/Zuenzae and
S. aureus (group A); Enrerobacreriaceaea (group B); and P. aeruginosa (group C).
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Stalistica/ aruz/ysis

Kaplan-Meier analyses were used to depict the changes of infectious parameters in

time. Cox-regression analysis was used to determine the prognostic value of

changes of individual infectious parameters. Daily changes of these parameters per

patient were analyzed with linear regression and differences were tested with the

one-sample T-test. Mann-Whitney test (MW) and Kruskal-Wallis (KW) tests were

used to compare groups. A p-value < 0.05 was considered significant.

Results

Twenty-seven p.nients (16 male) fulfilled the diagnostic criteria for VAP (Table 2).
Antibiotic agents used before and after bronchoscopy, microorganisms isolated
from cultures from endotracheal aspirates and BAL samples, results of the chest ra-
diographs, duration of antibiotic treatment for VAP, time to extubation, length of
ICU stay and resolution of fever from individual patients are listed in Table 3. Mean
duration of antibiotic treatment for VAP was 11.5 ± 2.9 days (median 13 days,
range 7-14 days). VAP was accompanied by bacteremia in four patients (15%).
Most cases of VAP were caused by Erirerobacreriaraie and P. atruginosa, account-
ing for 67% of causative microorganisms; in 14 patients VAP was caused by
Kmiw/xirfen'rtmi .nid in 7 patients by P. flerMgmfWfl- In all, 35 bacterial species
were isolated in significant amounts from BAL fluid. Seven episodes were poly-
microbial (Table 3). Initial antimicrobial therapy was appropriate in all cases.
Despite m w'rro susceptibility of isolated pathogens to the prescribed antimicrobial
therapy, infection persisted in one patient (patient 1). On suspicion of superinfec-
tion .1 second BAL was performed after 6 days of treatment, which, again, yielded
P. mi'mfri'/i.s' with susceptibility for the initial administered antimicrobial therapy.
These antibiotics were continued and the patient fully recovered.

A second episode of VAP was diagnosed in 6 patients (22%). In three patients a
new pathogen (in all cases P. uiTu^mosa) was isolated, which was resistant to the
antibiotics administered during the first episode. These patients (7,8 and 9) ac-
quired tracheal colonization with /'. aenyjuiosa 5, 9 and 10 days after start of an-
timicrobial therapy, respectively, and developed infection 4 (7 and 8) and 21 days
after discontinuation of therapy. In the other three patients (16, 25, 27) similar
bacterial species as those isolated in the first episode were associated with the sec-
ond episode of VAP (i.e. P. dtTuguiosa, Esc/it'ric/n'a coft, and S. aurfus). Only £.
OO/J causing a new episode of VAP (patient 16), 8 days after discontinuation of
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Table 2. Basetine characteristics of the study patients

Characteristic

Nate/female

Mean 49« (yr. range)

APACHE II score (mean ± SO)

Days in hospital prior to ICU; median (range)

Days in ICU; median (range)

Time to extubation in days after start

antibiotic treatment of VAP; median (range)

Antibiotic use on admission; no. of patients (%)*

Underlying diseases; no. of patients (%)

cardiovascular disease

respiratory disease

neurologic disease

gastrointestinal disease

neoplastic disease

diabetes mellitus

alcoholism or drug abuse

renal insufficiency

immunodeficiency

16/11

62.6 (J4-79)

21.« * 7.4

11 (0-1?)

34 (10-78)

17 (5-65)

21 (76)

11(41)

7(26)

5(19)

4(15)

4(15)

4(15)

2(7)

2(7)

1(4)

•Prophylaxis not included.

therapy, was resistant to the antibiotics used during the first episode. Patient 25 ac-
quired new colonization with S. aureus 4 days after a 14-day course of therapy
with flucloxacillin and a recurrent episode of VAP was diagnosed two days later.
Finally, patient 27 received 14 days of treatment with meropenem for P. aen/gmosa
VAP. During this period, tracheal colonization persisted and pulmonary infiltrates
persisted. When fever recurred 6 days after discontinuation of antibiotics, a second
BAL was performed and a recurrent episode of VAP was diagnosed.

Mean durations of antibiotic treatment were comparable for patients with VAP
caused or not caused by P. aerugmosa; 12.7 ± 1.7 days (median 12.5, range 7-14
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labte 3 Antibiotic (AB) agents used before and after bronchoah*oUr Uvage (BAL). »ricroorganisiiis isoUtad f r o - tracheal aspirate and BAU duration of antibiotic

treatment, results of chest radiographs, time to extubation, length of ICU stay and resolution of temperature frow the woment of ¥AP diagnosis.

Patient Previous

AB

Prior Tracheal BAL Culture AB therapy Duration Chest radiograph

AB aspirate (cfu/ml) after BAL AB therapy

indicaton culture in days

Time Length of Daytem-

extubation ICU stay perature

in days in days S38'C

1*. Flucloxacillin

TicarciUin-

clavulanate

Gentamycin

None

Amoxicillin-

cUvulanate

Gentamycin

Metronidazol

Pennicilin G

Flucloxacillin

Amoxicillin-

clavunaLate

rv

V

II

I

I

P.mirabilis

E.doacae

H.influenzae

P.aeruginosa

E.coli

S.aureus

C.diversus

E.coli

E. cloacae

C.diversus

P.mirabilis

(2.10*)

E. cloacae

(3.10*)

P. aeruginosa

(9.10*)

E.coli

(1.105)

S.aureus

P.aeruginosa

(1.10*)

E.coli

E.doacae

C.diversus

(1.10*)

Piperacillin

Gentamycin

Piperacillin

Gentamycin

Meropenem

Ciprofloxacin

Ticarcillin-

clavulanate

Piperacillin

14

7

U

14

10

14

unilateral infiltrate

unilateral infiltrate

bilateral infiltrate

bilateral infiltrate

unilateral infiltrate

bilateral infiltrate

31

17

14

32

27

24

11

10

32 33 3

11 12 2

17 48 2



7Ä« Amoxicillin-

clavunalate

8» Amoxicillin-

clavunalate

Clindamycin

VI

S.marcescens S.marcescens PiperadlUn-
(2.104) Tazobactam

K.pneumoniae K.pneumoniae Amoxicillin-

(1.106) clavunalate

10 bilateral infiltrate and 36 62

biUteral pteufil effusion

14 biUteral infiltrate 6 10

9 « .

10#

11*

12»

13#

None

Amoxicillin-

davunalate

Amoxicillin-

clavunalate

None

None

I

I

S.aureus

Streptococ. spp

E.coli

K.oxytoca

E.coli

S.pneumoniae

S.aureus

S.aureus

(1.104)

K.oxytoca

(1.104)

E.coli

E.cloacae

(5.104)

S.pneumoniae

(5.104)

S.aureus
(1.106)

Amoxicillin-

clavunalate

Ciprofloxacin

Ciprofloxacin

Amoxicillin-

clavunalate

Amoxicillin-

clavunalate

unilateral infiltrate 42

U

U

unilateral infiltrate

and pleural effusion

17

unilateral infiltrate and 30

biUteral pteural effusion

10 uniUtreat infiltrate

H bilateral irrfitoate

17 18

16

14# Erythromycin II

Ceftazidime

K.pneumoniae K.pneumoniae Amoxicillin-

(4.105) clavunalate

12 10

15 Amoxicillin- I,IV P.mirabilis P.mirabilis Piperacillm 11

clavunalate P.aeruginosa P.aeruginosa Gentatrrydn

Vancomycin (2.106)
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«*» TabU 3 - Continued

Patient Previous
AB

20

21

Prior
AB

indicator!

Trachea! BAL Culture AB therapy Duration Chest radiograph
aspirate (cfu/mL) after BAL AB therapy
culture in days

Time Length of Day tern-
extubation ICU stay peraturc

in days in days <38'C

16*« Sulfamethoxazole I I
•Trimethoprim

17* Amoxicillin- III
cLavunalate

18« None

19« Ticarcillin- IV.V.VU
clavunalate
Flucloxacillin
Clindamycin
Vancomycin

Amoxicillin-
clavunalate
Gentamycin

Amoxicillin-
cUvunalate
Gentamycin
Erythromycin

U

E.coli

S.aureus
H.influnzae

S.aureus
H.infUienzae

P.aeruginosa

E.coli
(1.107)

S.aureus

(1-10')

S.aureus
H.influenzae
(1.107)

P.aeruginosa
(1.105)

P.mirabilis P.mirabilis
P.aeruginosa P.auruginosa

(1.105)

P.aeruginosa P.aeruginosa
(1.105)

Amoxicillin

Flucloxacilbn

Amoxicillin-
clavunalate

Piperaciliin
Gentamycin

PiperaciUin
Gentamycin

Piperaciliin
Gentamycin

13

12

U

unilateral infiltrate and
bilateral pleura effusion

bilateral infiltrate

8 unilateral infiltrate
and pleural effusion

14 bilateral infiltrate

unilateral infiltrate

bilateral infiltrate

10

17

27

31

IS

18

53

10



23«

24«

250«

26

27«

Amoxicillin-
clavunalate
Gentamycin

Amoxicillin-
clavunalate

Amoxicillin-
clavunalate

Penicillin-G

Amoxicillin-
clavunalate

Cefazolin
Piperacillin

III C.diversus

H.influenzae

K.oxytoca
E.coli

S.aureus

H.influenzae

I,VIII P.aeruginosa

C.diversus
(1.105)

H.influenzae
(1.106)

K.oxytoca
E.coli
(1.107)

S.aureus
(2.10«)

H.influenzae
(1.10*)

P.aeruginosa
(1.10*)

Amoxicillin-
davunalate

Amoxicillin

Amoxicillin
clavunalate

Flucloxacillin

Sulfamethoxazote U
+Trimethoprim

M M n l HiflltMit

bMattrat tnfUtnt*

• unilateral infiltrate and 22
bilateral pteural effusion

Meropenem U

17

10

bilateral infiltrate

bilateral infiltrate

bilateral infiltrate

23

19

25

21

I: Prophylaxis, either for a surgical procedure or endocarditis, I I : Therapy for community-acquired pneumonia. I l l : Therapy for aspiration pneumonia, IV: Catheter-n»-
lated bacteremia, V: Abdominal sepsis, VI: Sepsis due to secondary wound infection after hip-surgery. VII: Sinusitis. VIII: Suspicion of broncho-pulmonary infection.
« Resolution of all infectious parameters in patients within 9 days after start of antimicrobial therapy. ' Positive Mood culture in patients with the same pathogen
that was isolated in broncho-alveolar lavage. • Persistent infection. • Second episode of VAP. « Probable



days) versus 11.1 ± 3.1 days (median 14, range 10-14 days), respectively (p-0.4 ,

MW), and between those who did or did not experience a second episode of VAP,

10.3 ± 3.1days (median 10, range 7-14 day) versus 11.5 ± 2.8 days, respectively

(median 13. range 10-14 days) (p-0.3MW).

Seven patients died during hospitalization, and three of them died in ICU. In

these three patients, VAP was diagnosed 17-59 days before death. In the other four

patients, VAP was diagnosed 28-49 days before death. Therefore, in none of these

patients did death seem to be directly attributable to VAP.

Jfesofu/fon o/'in/ierrious parameters

After institution of antibiotic therapy a gradual fall in the mean number of colony-
forming units (cfu) in cultures of endotracheal aspirates was observed (Figure 1 A).
The back-rial load dropped from 5.4 CFU/ml on day 0 to 1.4 cfu/ml on day 15.
However, there were extreme differences when comparing individual micro-organ-
isms. There was persistent colonization with P. aeruginosa in all patients, whereas
bacterial colonization with S. flim-us. H. (ritfuerizaf and S. pneumonia? completely
disappeared from endotrache.il aspirates (Figure 2A). Tracheal colonization with
Kntembacteriaceae persisted in almost half of the patients.

Interestingly, acquired tracheal colonization was demonstrated in several pa-
tients, usually during the second week of antimicrobial therapy and most fre-
quently with P «cTHginosa (Figure 2B).

Time fo neso/ufion

All four parameters of infection improved significantly in time (Figure 1 A-ID). On
Day 0, averages of the four variables were; leukocyte count, 14.2 ± 5.4.107mm'
which decreased with O.lS.lOVrnm' per day (p<0.01); highest temperature, 38.8
± 0.5°C which decreased with 0.05°C per day (p<0.01); PaCVFiO;, 26.3 ± 10.5
kPa which increased with 0.8 kPa per day (p<0.01); and the bacterial load in
endotracheal aspirates, 5.4 ± 1,2 cfu/ml which decreased with 0.2 cfu/ml per day
lp < 0.01). No significant differences were found when comparing the daily
changes in leukocyte counts, highest temperatures and PaO,/FiO, ratios between
the three groups of causative pathogens of VAP (A, B, and C). not even in the first
6 days of treatment when changes were most prominent. The changes in leukocyte
counts, highest temperatures and Pa(tyFiO> ratios were -0.36.10Vmm\ -0.1 °C,
and + 1.2 kl'a. respectively in group A; -0.30.10-Vmm-', -0.16°C, and + 1.4 kPa. re-
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Figure 1A. Mean log colony-forming units per milliliter of endotracheal aspirate of those
bacteria associated with VAP after initiation of antimicrobial treatment.
B. Leukocyte count after initiation of antibiotic treatment.
C. Highest temperature after initiation of antibiotic treatment.
D. Pao2/F'o2 ™tio after initiation of antibiotic treatment.

spectively in group B; and -0.27.10^/mm', -0.15°C, and +1.2 kPa, respectively in
group C (KW, NS).

For patients with abnormalities on Day 0 in temperature (>38°C, n = 27),
PaO2/FiC>2 ratio(<25 kPa, n = 17), leukocyte count (> lOVmm*, n = 21), and num-
ber of CFU/ml (> 10 ,̂ n = 27), the mean (median) duration to resolution of these
parameters was 5 (3), 6 (2), 8 (6) and 10 (7) days, respectively (Figure 3). The
mean (median) duration until complete resolution (i.e. for all parameters) was 9
(8) days. When excluding microbiological eradication, the mean (median) dura-
tion of resolution for the remaining three clinical parameters was 6 (6) days. Mean
duration of antibiotic treatment in this group of patients was 10 ± 2.8 days (me-
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Figure 2A. Number of patients with initially isolated microorganisms from endotracheal as-
pir.itrs collected in time after initiation of antibiotic treatment.
B. Number of patients with newly isolated microorganisms from endotracheal aspirates in
time after initiation of antibiotic treatment.

• t l r ^

Figure 3. Probability of resolution of
inclividu.il parameters after initia-
tion of antibiotic treatment using
Kaplan-Meier analysis.

Otyt

dian 10. range 7-14 days), as compared to 13.1 ± 2.1 days (median 14, range 7 -14

days) if no complete resolution occurred ( P<0.01, MW).

The PaOi/FiC>2 ratio was the only significant covariate of resolution (P < 0.01).

The differences between the durations until resolution between groups A, B, C and

between survivors and non-survivors were comparable (data not shown).
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Discussion

We described the resolution of infectious parameters after initiation of appropriate

antimicrobial therapy for VAP. In general, resolution of clinical parameters is slow,

most evident during the first 6 days of therapy ami most apparent lor the

PaO,/FiO> ratio. Appropriate antimicrobial therapy rapidly eradicates endotracheal

colonization with S. pneumonia?. H influmz<j<* and 5. ciim»us, but fails to eradi-

cate colonization with Enterobacteriaceae and / ' dtn^triosa. indicating that fol-

low up of this parameter is an unreliable parameter for therapy success when

these pathogens are involved. Moreover, tracheal colonization with resistant

pathogens frequently occurs during the second week of therapy. Rased on our

findings, a shorter duration of antimicrobial therapy for VAP may be as effective

and may reduce the risks of colonization and subsequent infection with more re

sistant pathogens.

There is sparse information about the clinical and microbiological response to

appropriate antimicrobial therapy in patients with VAP. This may be related to the

existing problems in diagnosing VAP. In clinical practice. VAP is usually diagnosed

on a combination of clinical and radiographic criteria in combination with semi-

quantitative cultures from tracheal aspirates. The combination of these criteria ha»

a high sensitivity for VAP, but specificity is low (7,14). As a result, many patients

will be incorrectly diagnosed as having VAP, and a description of resolution of clin-

ical parameters in such a population may be influenced by patients having colo-

nization instead of infection of the respiratory tract. In the present study, quantita-

tive cultures from BAL were added to the combination of diagnostic criteria for di-

agnosing VAP. Although we realize that these methods cannot be considered as a

gold standard they do represent the best clinically available tools to diagnose VAP.

Moreover, a recent study demonstrated that the use of invasive techniques, as used

in this study, was associated with a better patient outcome and considerable re-

ductions in antibiotic use (7). Although we found that temperature, PaC>2/FiO2

ratio and leukocyte counts improved significantly in time after initiation of antibi-

otic treatment, the resolution of these parameters was generally slow. The mean

time to resolution of these clinical parameters was 6 days. These patients were

treated for a shorter duration, suggesting that clinicians take these clinical parame-

ters into account if deciding whether to continue or discontinue therapy.

In a previous study Garrard and A'Court determined the clinical response to an-

timicrobial therapy in 83 patients with VAP (9). The clinical response was mea-

sured by daily values of the Clinical Pulmonary Infection Score (CPISJ, previously
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defined by Pugin (15). The CPIS is a combination of clinical, radiographic and mi-
crobiological criteria, with a maximum score of 12. Values of 7 or higher are con-
sidered diagnostic for VAP. Although quantitative cultures from bronchoscopic
techniques are not included in the CPIS, these techniques were used for validation
of the CPIS (15). Similar to our findings, they found a gradual improvement of the
CPIS during the first 9 days after commencement of antibiotic therapy (9). In an-
other study, Montravers and coworkers observed a significant decrease in tempera-
ture and increase in PaC^/FiC^ ratio within 3 days of antibiotic treatment which
was accompanied by eradication of bacteria from distal airways in the majority of
patients, as demonstrated by repeated PSB (10).

Although interpretations of chest radiographs are important diagnostic criteria
for VAP, we decided not to use this as a parameter of infection resolution. Chest ra-
diographs are generally considered to be of limited value for defining clinical im-
provement in patients with pneumonia (16 -18), although rapidly deteriorating ab-
normalities are suggestive for either progressive or recurrent episodes of VAP.

Our findings of persistent endotracheal colonization are completely different to
the reported effects of antimicrobial therapy on repeated quantitative cultures from
PSB, as reported by Montravers and coworkers (10). Using cultures from PSB, they
demonstrated that bacteria were eradicated in distal airways in 51 of 76 patients
with VAP within three clays after start of antimicrobial treatment (10). These find-
ings again emphasize that endotracheal colonization is not equivalent to infection
of distal airways and that bacterial eradication from endotracheal aspirates is a
poor marker for determination of clinical response of VAP, especially when caused
by Gram-negative bacteria. Only when VAP is caused by H. in/Zuenzae or S. pneu-
m o n i c may follow-up of endotracheal aspirates be useful.

A recurrent episode of VAP was diagnosed in six patients. The clinical response
to therapy for their first episode was not different as compared to the responses ob-
served in patients who did not develop a recurrent episode. Four of the six
pathogens associated with the recurrent episodes were resistant to antibiotics used
to treat the first episode, and four episodes were caused by P. ami^inosa. A recur-
rent episode of VAP, caused by P. at'ru^iriosa. may result from persistent coloniza-
tion, acquired colonization from exogenous sources or selection of endogenous
colonization. Rello and coworkers recently described, using molecular biotyping,
that recurrent episodes of VAP caused by P. atTi^uiosa were frequently caused by
peristence of the causative strains in the respiratory tract (19). Our findings of per-
sistent endotracheal colonization of P aerugtriosa in all patients with P. aeruginosa
VAP, despite appropriate antimicrobial therapy, fully support these findings. More-
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over, several other patients acquired tracheal colonization with P <uru£mo&i dur-
ing therapy. Although molecular biotyping was not perform«! in the present study,
previous analyses in our ward demonstrated that colonization and infection with
P OCTTigmosa was only sporadically caused by cross-transmission, and that selec-
tion of endogenous strains, usually colonizing the intestinal tract, was .1 more im-
portant route of colonization (20).

Can our findings be extrapolated to ventilated patients in other settings? The eti-
ology of bacteria causing VAP in our ward is characterized by the absence of im-
portant resistance problems, and. because of regular surveillance of tracheal aspi-
rates, empirical therapy was in all cases appropriate. If empirical therapy would be
inappropriate, as described in other studies (2.4) clinical responses may IK« com-
pletely different or even absent. The lack of a standardized approach for antibiotic
prescription and discontinuation may be a possible weakness of the present study.
However, the practice as described here, is the current practice in our ICU. and
was. therefore, most appropriate to investigate. Moreover, our patient population
was small and causes of VAP were heterogenuous. thereby, limiting extrapolation
to other patient groups.

In conclusion, (a) the clinical response to antimicrobial therapy for VAP. diag-
nosed with bronchoscopic techniques, occurs within the first six il.ns ot therapy,
(b) colonization with Gram-negative bacteria will persist in many patients and (c)
acquired colonization, predominantly with resistant pathogens, occurs mainly in
the second week of therapy. Therefore, one may hypothesize that a duration of
therapy for VAP of 7 days would be sufficient and could prevent recurrent colo-
nization and infection with more resistant bacteria, such as P. (lerugmosa.
Currently, a duration of therapy of 14 to 21 days is recommended for VAP caused
by Enterobacteriaceae or P. aerugmosa (8).

A strategy to treat VAP for 7 instead of 14-21 days should be tested in a prospec-
tive randomized study design. A shorter duration of therapy would reduce the se-
lective pressure for colonization, and, thereby, the risks of recurrent infection with
resistant pathogens. Moreover, a reduction in antibiotic use may reduce the risks
of adverse drug events and help to control health care costs, in which costs for an-
tibiotics are elementary.
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Abstract

Sfudy ob;ecf/w: To compared the levels of sulfated mucins in bronchoalveolar
lavage fluid (BALF) in ICU patients with VAP with those in non-infectious controls;
i.e ventilated ICU patients without VAP, and non-ventilated patients.

Design: Prospective study.

Setting: Mixed intensive care unit and outpatient clinic of a university hospital.

s: In this study 56 ventilated ICU patients with VAP, 21 ventilated ICU pa-
tients without VAP, and 26 non-ventilated outpatients with no pulmonary infection
were included.

and Resu/rs: Total cell count and differential cell count of BALF
samples was performed in these patients and sulfated mucin levels were mea-
sured. Fur this purpose we used a monoclonal antibody F2, directed against the
sulfated Lewis C structure (SCy3GalpM-3ClcNAc). Sulfated mucin levels were sig-
nificantly increased in ICU patients with VAP compared to those without VAP and
non-ventilated patients (p<0.05). No statistical difference was found between the
two groups of ICU patients regarding the APACHE II score and the duration of me-
chanical ventilation prior to the bronchoalveolar lavage.

Corirfusioris; The increased levels of sulfated mucins in ICU patients with VAP are
associated with infection and not with ventilation. The increase of sulfated mucins
may favor the persistence of those microorganisms that posses mucine-sulfatase
activity, which enable them to survive within the mucus, especially P. aeruginosa.

48



M** <*«•& or"ai<frt«d mucw in ftUf

Introduction

The mucosal surface of the respiratory tract is protected by a layer of mucus.
Mucins are major components of the mucus layer (1) Mucins are large (Mr >
10.000 kDa) heavily glycosylated (>80% on weight basis) proteins that are re«
sponsible for the viscoelastic properties of the mucous gels that cover ihe tracheo-
bronchial epithelial tissue. They are secreted by submucosal glands and goblet
cells in the surface airway epithelium. Because of their diversity in oligosaccharide
composition these respiratory mucins potentially present abundant binding sites
for bacteria. Binding to these receptors may retard direct entrance to the underly-
ing epithelial tissues, favoring the elimination of bacteria by the mucociliary appa-
ratus (2). Thus mucins play an essential role in the protection of the respiratory
mucosa and the prevention of bacterial colonization of the lung. Cilia can only
transport mucus if it has appropriate viscoelasticily (3).

If mucus becomes to firm, as in cystic fibrosis (CF). it cannot be cleared effi-
ciently, causing stasis, greatly increasing the incidence of bacterial infections. In
early life. CF patients experience colonization and respiratory infections with
Sfap/iy/orocrus aurrtu. Later on this is followed by persistent colonization and re-
current infections with Pseudomorid.« fienyfi/iosfl, resulting in deterioration of lung
function (4). In cystic fibrosis several groups have reported an increased sulfation
and sialylation of respiratory mucins, which have been linked to P. aeragmosa colo-
nization (5-7). For an overview, see (8).

Ventilator-associated pneumonia (VAP) is the most prevalent nosocomial infec-
tion in intensive care units (9). The etiologic spectrum of VAP resembles that of CF,
in the first days after start of mechanical ventilation VAP is mainly caused by
Streptococcus prceumoruae, Haemop/ii/us m/Zueazae and S. aurra.s-. Later on a shift
in etiology takes place toward Gram-negative bacteria (GNB), especially P. aerugj-
rcosa (10,11). The persistence of P. aeruginosa in the endotracheal aspirates is re-
sponsible for the high recurrence rate of P. aerugmosa pneumonia in these ICU pa-
tients (12). Recently, mucin-sulfatase activity has been described in P. aerugircosa
(13). This property enables P. aeraginosa to break down neutral mucin, and favors
its survival and persistence within the mucus. No research has been done on
mucin levels and their sulfation in patients with ventilator-associated pneumonia
(VAP). Therefore we compared the levels of sulfated mucins in bronchoalveolar
lavage fluid (BALF) in ICU patients with VAP with those in non-infectious con-
trols; ventilated ICU patients without VAP, and non-ventilated patients.
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Materials and Methods

S/udy subjects

The study was conducted in the ICU and outpatient clinic of the University
Hospital, Maastricht, The Netherlands. The mixed ICU harbors patients from the
departments of surgery, internal medicine, trauma, pulmonology, neurology, and
neurosurgery. The study period extended from January 1, 1998 until august 1,
1999. Data are reported for a total of 103 patients from whom a BALF sample was
obtained. From 77 ventilated ICU-patients a BALF sample was obtained because of
a clinical suspicion of VAP. Group no.l (n - 56) consisted of ventilated ICU patients
with a confirmed VAP. The diagnosis of VAP was established on the criteria listed
in table I and in all patients from group no.l a positive quantitative BALF culture
was obtained (cutoff point £ lO* colony-forming units per milliliterj. In group no.2
of ventilated ICU patients (n-21), the diagnosis VAP was not confirmed because
of a negative quantitative BALF culture (i.e. no growth of micro-organisms). In
group no. 2 patients, the pulmonary abnormalities were attributed to non-infec-
tious causes like ARDS, heart failure, pulmonary hemorrhages. Apart from venti-
lated ICU patients, also outpatients (n - 26) with a suspicion of interstitial lung dis-
eases like sarcoidosis. extrinsic allergic alveolitis or idiopathic pulmonary fibrosis,
were included in the study (group no.3). No infection was suspected nor diag-
nosed in any of group no. 3 patients.

In all patients age and sex were assessed. In ICU patients besides the APACHE II
admission scores, as described by Knaus et al. (14), also the duration on mechani-
cal ventilation prior to the BAL was recorded. Informed consent was obtained from
the patient or, if this was not possible, from a representative of the family.

Srudy design

Patients were included in study in a prospective manner. Subsequently, they were

assigned to one of the three groups as mentioned above.

rechnique and ana/ysis of BALF

Bronchoalveolar lavage (BAL) was performed as described elsewhere (15). In

brief, the fiberoptic bronchoscope was introduced and advanced to the bronchial

orifice of a lung segment containing a new or persistent infiltrate. The fluid was in-

stilled into the subsegment through the biopsy channel of the bronchoscope in
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Table 1. Criteria used for the diagnosis of ventilator-associated pneumonia

Criteria

A 2 3 positive of the following 4:

1. tectJt temperature above 38.0*C or below 35.5*C

2. Mood teukocytosis (>10.1fP/mm*) and/or left shift oi blood leukopenia («3.10Vmm>)

3. >10 leukocytes per high-power field in Gram stain of tracheal aspirate

4. positive culture from tracheal aspirate

and

B new. persistent or progressive infiltrate on chest radiograph

and

C 2 1 positive of the following 3:

1. positive quantitative culture of a sample obtained by BAl (cut-off point 2 10* cfu/mt)

2. positive blood culture unrelated to another source and obtained within 48 h before and after res-

piratory sampling

3. positive pleura! fluid culture in the absence of previous pleura! instrumentation

Pneumonia was diagnosed if A and 8 and C were positive. BAL, bronchoalveolar lavage.

four aliquots of 50 ml sterile saline (0.9% NaCl, room temperature) and immedi-
ately aspirated and recovered. The first fraction was not utilized for the present
study and the subsequent fractions were pooled together and processed immedi-
ately. BALF was processed immediately upon arrival at the laboratory. The total
cell count was performed in a Fuchs-Rosenthal haemocytometer chamber and cy-
tocentrifuged preparations were made. Differential cell count was performed on
500 nucleated cells and included alveolar macrophages, polymorphonuclear neu-
trophils (PMMs), lymphocytes, eosinophils and mast cells. Both macrophages and
PMNs were screened for the presence of intracellular organisms and the number of
infected cells was expressed as a percentage of the 500 cell count.

Sulfated mucin in BALF was determined by ELISA, using monoclonal antibody
F2, directed against the sulfated Lewis C structure (SO3-3Galßl-3GlcNAc) (16).
Since in lung secretions this epitope is expressed exclusively on sulfated mucins
(16), it was considered a measure for the sulfated mucin content. Quantitative
BALF culture results of isolated micro-organisms were expressed in colony-forming
units per milliliter (cfu/ml).
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The results of the total cell count, differential cell count, and levels of sulfated

mucins in BALF were compared between the three groups of patients using the

Mann-Whitney test. To investigate if sulfated mucins could be used as a diagnostic

variable for detecting VAP, we constructed a ROC-curve and calculated the area

under the curve (AUC) (17). In ICU patients, the Kruskal-Wallis test was used to

compare these variables for the different pathogens recovered, i.e. S. aureas, H. in-

/7i/mzflt>. Emerabürffriareae and P. aerugmosa. Pearson's coefficient with two-

tailed significance levels was used for correlation analyses. A p-value < 0.05 was

considered significant.

Results

A total of 103 patients were included in this study. 56 ICU patients with a con-

firmed VAP (group no. l ) , 21 ICU patients without VAP (group no.2) and 26 pa-

l if i i ls from the outpatient's clinic with a non-infectious pulmonary condition

(group no.3). Patients characteristics are shown in table 2.

Tiblt 2. Characteristics of the patients.

Mean age ± SD

Male/Female

Mean days on mechanical
ventilation prior to BAL ± SD

Mean APACHE II score ± SO

Reason for intubation: no. of patients (%)
respiratory failure
shock
trauma
neurologic disease
pneumonia on admission
elective

Group no.l

(n-56)

59 ±19

26/30

11.4 ±8.8

20.5 ±7.3

19 (34)
12 (22)
10(18)

8(14)

3(5)

Group no.2

(n-21)

58 ±17

11/10

12.2 ± 10.1

19.6 ±5.0

7(33)
4(20)
3(14)
3(14)
3(14)

M5)

Group no.3

(n-26)

54 ±11

12/14

p-value

NS

NS

NS
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3. Tout c«U count differential ceil count *nd mucin levels in BALF from ICU patients with VAP
(groep no. 1). without VAP (group no. 2) and outpatient's dink (group no. 3).

Total cell count*

Differential cell count*

PMNs (%)

Lymphocyte* (%)

Alveolar macrophages (%)

Infected cells (%)

Mucin° (U/mt)

Group no.l

(n-M)

802 ±335

62.7 ±31.9

5.1 ±7.5

29.2 ± 28.4

6.7 t 10.6

15.6 ± 30.8

Group no.2

(n-21)

545 i 149

46.8 ± 25.9

11.2 ±9.7

40.8 ± 26.5

0.0 t 0.0

3.1 ±8.4

Group no.3

(n-26)

318W66

2.2 ± 2.0

3.8 ±2.1

93.1 ±2.7

0.0 t 0.0

1.9 i 3.6

p-value

<0.05

«0.05

< 0.01

«0.01

«0.05

«0.05

'Values expressed in 10* m l ' . "Counts performed on 500 nucleated cells.

°Mucin was determined in ELJSA with mAb F2. against a standard saliva, collected from fifteen

individuals, which by definition contains 1 U/ml.

The results of BALF total cell count, differential cell count, percentages of in-

fected cells, and sulfated mucin levels of the three patients groups are summarized

in Table 3, and expressed as mean ± SD. In figure 1 the results of sultated mucins

for the two ventilated groups were plotted. ICU patients with VAP showed ,i signifi-

cant increase percentage of total cell count, PMNs, infected cells, and levels of sul-

fated mucin in BALF compared to the other two groups (p < 0.05). In BALF fluid of

the outpatient's and ICU patients with VAP the percentage of lymphocytes were in

the same range, but significantly lower than ICU patients without VAP (p<0.01).

The percentage of alveolar macrophages in BALF of the outpatient's was signifi-

cantly higher compared to the other two groups of patients (p<0.01). The con-

structed ROC curve with sulfated mucin as a test variable showed an AUC of 0.78

with a 95% CI of 0.66 to 0.91.

No statistical difference was found between the two groups of ICU patients re-

garding the APACHE II score and the duration on mechanical ventilation prior to

the BAL. Comparison of sulfated mucin levels in ICU patients without VAP who

were ventilated for less than 7 days with those who were ventilated for more than

7 days revealed no statistical difference (data not shown ).

In ICU patients with VAP the following micro-organisms, in order of frequency,

were recovered from bronchoalveolar lavage: Emerobarteriaceae (n = 16J, M aeru-

gmosa (n= 16), S. aureus (n= 12), H. m/Zuerczae (n = 3). Nine VAPs were polyrni-
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Figure I. Sulfated mucin levels in ventilated patients with and without VAP. The condensed
horizontal line indicates the median sulfated mucin levens.

crobial. Comparing the BALF results of different groups of recovered pathogens in

patients with VAP. revealed no statistical difference. Correlation analysis excluded

a relation between the percentage of PMNs, number of cfu/ml, days of mechanical

ventilation at the one hand and the levels of sulfated mucins at the other.

Discussion

In this study we found increased concentrations of sulfated mucins in BALF of ICU
patients with VAP. The mean sulfated mucin levels were 5 times higher than in ICU
patients without VAP. No differences in the duration of mechanical ventilation
prior to the bronchoalveolar lavage or APACHE II score were found between the
two groups of ICU patients. In both groups no correlation was found between the
duration of mechanical ventilation and the levels of sulfated mucin. When sulfated
mucin levels of the two non-infectious control groups (ventilated versus non-venti-
lated patients) were compared, no statistical difference was found. Also the type of
causative microorganism in ICU patients with VAP, did not influence levels of sul-
fated mucin. Therefore, the increase in levels of sulfated mucins in ICU patients
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with VAP are associated with infection and not with ventilation. Also the severity
of the underlying disease and chronic health status IAPACHE II score) does not
seems to attribute to this increase in sulfated mucins levels.

These findings may not only be relevant for the pathogenesis but also for the di-
agnosis of VAP. The value AUC calculated from the ROC curve with sulfated mucin
as a test variable indicates that this test is able to discriminate between the pres-
ence or absence of VAP in intubated patients and may therefore be used as an early
screening lest before culture results are available, furthermore, this test may re-
flect the intensity of inflammation and microbiological bunten of pneumonia, es-
pecially in patients under antimicrobial therapy. Apart from this, possibly the test
can also be applied to endotracheal aspirate and closer investigations in that sense
may address issues like early non-invasive diagnosis of VAP. selection of patients
for an invasive procedure or follow-up of patients under antibiotic therapy. The re-
sults can be obtained within the hour and this may direct the decision whether or
not to start antimicrobial therapy almost instantaneously. Results of culture take
24-48 hrs and are influenced by antibiotic therapy. However, our study has some
limitations, we did not score the presence of pulmonary co-morbidities. AKHS or il
patients received prior antimicrobial therapy. Therefore the influence of these vari-
ables on levels of sulfated mucins can not entirely be excluded.

Animal reports showed that tracheal intubation or mechanical injury by itself
causes mucin prodution (18,19). However, we did not find an increase in sulfated
mucins levels in those ICU patients who were intubated and mechanical ventilated
without VAP. Although the effect of intubation on the sulfated mucin cannot be ex-
cluded entirely, we believe it is of minor importance.

We used a F2 antibody, which measures sulfated mucin produced by MUC5B
cells in the airway submucosal glands. Data of Wickstrom et al suggest that in lung
the F2 epitope is associated exclusively with MUC5B (20). On basis of the present
findings, we cannot tell whether the observed increase in sulfated mucin content is
due to increased secretion of MUC5B mucins, or an increase in degree of sulfation.

Primarily we were interested in sulfated mucin levels in BALF of ICU patients
with VAP compared to non-infectious controls, because P. aerug/nosa possesses a
mucin-sulfatase (13). This enzyme removes part of the sulfate content from sul-
fated mucins and make them more susceptible to further enzymatic degradation
(21, 22). This property may favor persistence of P. aerug/nosa within the mucus,
which could explain the recurrent respiratory P. aerugmosa infections in ventilated
ICU patients (12).

Also CF patients suffer from recurrent bacterial infections (23,24), especially
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those caused by P. aeruginosa, and experience reduced clearance of mucus.

Respiratory secretions of these patients are initially colonized with S. aureus, S.

pneumonias and H. in/Zumzae, which is soon followed by persistent colonization

of mucus with P. amiginosa. Modifications of the mucus, like increased sulfation

and sialylation of mucins in CF patients have been linked to the persistent colo-

nization of P. aeru^inosa (4-6, 25J. This increased sulfation has been attributed to

the primary gene defect in CF, eliminating the influence of inflammation (26). But

others, however demonstrated the importance of inflammation in relation to hy-

persulfation (25).

Also ventilated ICU patients have impaired mucus transport (27). Furthermore,

due to orotracheal intubation mucosal injury occurs in these patients, promoting P.

fl<TH#im>sa adherence (28-29). Like in CF, ventilated ICU patients become initially

colonized with S. aureus, S. pneumon/ae and H. in^Zuenzae shortly after initiation

of mechanical ventilation. As duration of mechanical ventilation progresses, a shift

toward GNH, especially Knftw/jarteriaria«? and P. aeru#(nasa is observed. Once

these patients acquire /'. «fru^/nosa there is a high persistence of P. aerugmosa in

endolMcheal secretions (30).

It is tempting to speculate that during VAP the increased levels of sulfated mucins

not only contribute to the altered rheological properties of mucins. increasing

tenacity of mucins and impeding mucociliary clearance (31), but also favor the

colonization of P. aeni^jnosa, which is capable of breaking down these mucins

(13). Normally sulfation of mucins protects them from bacterial degeneration un-

less bacteria also have mucin-sulfatase activity (13).

In summary, we found increased levels of sulfated mucins due to respiratory in-

fections in ventilated ICU patients, supporting the role of inflammation in hyper-

sulfation as described in CF (25). The increase of sulfated mucins may favor the

persistence of those micro-organisms that posses mucine-sulfatase activity, which

enable them to survive within the mucus. The recent discovery of a mucine-sulfa-

tase in /'. <i('ri{£('m>ni could explain part of the persistence of this microorganism in

CF and ventilated ICU patients.
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Introduction

After primary infection, like all herpesviruses. cytomegalovirus (CMV) has the

ability to persist in the host as a latent virus.

Peripheral blood mononuclear cells iPBMCs) have been identified as a site of

CMV latency (1). Recently, reactivation of latent CMV from PHMCs has been de-

scribed (2). TUmour necrosis factor-alpha (TNF-a) seems to play a key role in the

reactivation of latent CMV (3). Interestingly. CMV seropositivitv has been asso-

ciated with an increased risk for restenosis after coronary alheroctomv (4).

Because coronary bypass grafting (CABG) is a highly stressful event with systemic

release of TNF-a (5). it could be a favourable condition for CMV reactivation in

these patients.

To test this hypothesis, we performed a prospective study to investigate the inci-

dence of CMV reactivation in patients undergoing elective CABG

Materials and methods

Between November 1999 and January 2000. 30 patients admitted at our hospital

for elective CABG were included in this study. The day before the operation, 7 and

14 days after the operation, blood samples were drawn from each patient.

Additional CMV serological screening was performed 3 months after the operation.

At the same time urine and saliva samples were collected. Sera of patients were

analysed for the presence of IgM and IgG against CMV using the AxSYM assays

(Abbott Laboratories, USA), as described elsewhere (6). PBMCs were isolated

using the Ficoll-paque (Pharmacia Biotech, Sweden) separation technique for im-

munocytology and polymerase chain reaction (PCR). For detection of CMV anti-

gens in PBMCs, immunocytology was performed as described by Asadullah et al.

(7) using monoclonal antibodies (MoAbs) directed against CMV immediate early

antigen-1 (Clonab* CMV IE1, clone: BS500; Biotest, Germany), pp65 early matrix

protein (Clonab* CMV, clone C10/C11; Biotest, Germany and clone BM 222 (6)).

Several isotype-matched irrelevant MoAbs served as negative controls. PBMCs ob-

tained from renal transplant patients with CMV disease served as a positive con-

trols. Binding of MoAbs was detected by the standard alkaline phosphatase anti-al-

kaline phosphatase (APAAP) complex (Dakopatts, Denmark) (7). For each MoAb a

total of 500 PBMCs were screened by microscopy. For the detection of CMV in

urine and saliva a conventional isolation technique was used as described by Kraat
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et al. (8). For PCR, DNA was isolated from PBMCs, urine and saliva using the

Wizard genomic DNA purification Kit (Promega Corporation, USA) according to

the direction of manufacturer. For PCR of EDTA-blood, DNA was isolated as de-

scribed by Boom et al. (9). The primers used were directed against the 1E1 region

generating a fragment of 603 bp. Fifty cycles of amplification were carried out. The

PCR was able to detect 5 copies of control CMV-DNA (data not shown).

Confirmation of the PCR results was performed by Southern hybridisation with a

biotinylaled oligonucleotide and enhanced chemiluminescance detection (Amers-

ham, UK). Detection of CMV-mRNA (pp67 and IE1) in EDTA-blood was performed

as described previously (10).

Staf/srira/ ana/ysis

Results are expressed as median ± SD. The Wilcoxon test for paired samples was
used for comparing the frequencies of antigen-positive cells on the three time
points. The differences were considered significant at P < 0.05.

Results

Of (he 30 CABG patients included in this study, 2 patients withdrew from the
study, leaving 28 eligible patients. Presence of CMV igG-antibodies were detected
in 21 of the 28 patients. No seroconversion or significant titer rise of CMV lgG-anti-
body level was observed during the study. At all time points conventional cultures
of urino and saliva revealed no infectious virus.

PCR was used to further investigate the presence of CMV in various samples.
This CMV PCR was first validated in 10 renal transplant patients. In these patients
we were able to detect CMV-DNA in PBMCs before or at the same time cell culture
and pp65 antigenemia became positive (data not shown).

Culture results of urine and saliva samples were also negative PCR. This ex-
cludes that low amounts of virus were excreted after the operation. Furthermore,
all collected blood samples that were tested for the presence of CMV-DNA by PCR
yielded negative results. Also, we were not able to detect the presence of CMV-
mRNA (1E1 and pp67) in these blood samples by means of a highly sensitive am-
plification technique (10). Because PBMCs are believed to be a site of latency from
which reactivation can take place (1), we also looked for the presence of CMV in
PBMCs of these patients by PCR. However, in none of these samples CMV-DNA
was detectable.
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In contrast to the negative culture and PCR results, CMV antigen positive PBMCs

were detected in 20 seropositive- and in 4 seronegative patients using the tech-

nique described by Asadullah et al. (7). Seropositive patients showed a significant

increase in the median number of CMV antigen-positive PBMCs one week after the

operation for the three different MoAbs (Fig. 1). In 2 of the 4 seronegative patients,

significant numbers of CMV antigen-positive PBMCs were detected one week after

the operation. As shown in figure 1, CMV antigen-positive PBMCs were also found

in those samples in which irrelevant isotype matched MoAbs were used as nega-

tive controls.

Discussion

In our patients we were able to demonstrate a significant increase in CMV-antigen
positive PBMCs one week after the operation. Prösch et al. described similar find-
ings (3,7,11), as they detected CMV-antigen positive PBMCs with identical MoAbs,
in transplant recipients, septic patients and recently in patients with moderate to
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severe chronic plaque psoriasis. However we question if the cytoplasmatic staining
by means of the APAAP complex in PBMCs indeed indicates CMV reactivation,
and propose that this is a rather aspecific phenomenon, not related to CMV. This
conclusion was based on several findings. First, CMV antigen-positive PBMCs
were detected in CMV-seronegative patients. Second, no CMV-IE and pp67mRNA
could be detected by means of a highly sensitive NASBA assay. Third. CMV-DNA
was not detected in whole blood and separately isolated PBMCs by PCR. Finally,
neither CMV IgM-antibodies, nor a significant rise in the CMV IgG-antibody levels
was present within 3 months after surgery. An explanation for the described re-
sults could be that MoAbs directed against CMV bind to Fcy-receptors of polymor-
phonuclear leukocytes and mononuclear cells in an aspecific way (12). Never-
theless, our study does have some limitations. First of all, the timing and fre-
quency of sampling may have been inadequate to pick up rare events of CMV reac-
tivation. Furthermore we did not measure TNF-a levels systematically.

However, in a recent study, which demonstrated CMV reactivation in patients
with acute myocardial infarction, a comparable sample frequency was used (13)
and CMV reactivation was found to be associated with strongly elevated cathe-
cholamine but normal TNF-a plasma levels. Beside elevated TNF-a plasma levels,
elevated cathecholamine levels have also been reported in CABG patients (14).
Finally, CMV transmission through blood products is a possibility that cannot be
excluded in our patients. Despite these possible shortcomings, we conclude that
CMV reactivation does not occur after elective cardiac bypass surgery. Although
antibodies directed against CMV reacted with antigens in the cytoplasm of PBMCs
from CABG patients, this was not found to be specific.
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Abstract

There are limited systemic studies of the incidence of herpes virus infections in in-

tensive care patients. Therefore we conducted a prospective study in a multidisci-

plinary intensive care unit (ICU). Sixty non-immune compromised ICU patients

were monitored for the occurrence of cytomegalovirus (CMV) and herpes simplex

virus (HSV) infections. We obtained blood, urine, saliva and possibly BAL samples

of patients admitted to the ICU and subsequently once every week until discharge

from the ICU or death. Serological tests, nucleic acid sequence-based amplification

(NASBA) and polymerase chain reaction (PCR) and conventional cell culture were

applied. CMV or HSV was present in respectively 19% ( n - 8 ) and 28% ( n - 14) of

ICU patients. Especially septic ICU patients were at risk of developing a CMV or

HSV reactivation, which was detected in respectively 23% (7/30) and 27% (8/30)

of these patients. CMV and HSV infection were associated with a prolonged re-

quirement of mechanical ventilation (respectively, 23 days and 17 days) compared

to those without reactivation (respectively 9 days and 7 days, P <0.05). Whether

these herpes infections affect outcome still has to be elucidated.
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Introduction

Depending on the country of residence and social economic status. 40-100% of the
adult population is infected with human cytomegalovirus (CMV) and herpes sim-
plex virus (HSV), as shown by the presence of detectable antibodies (1,2). CMV
and HSV are ubiquitous herpesviruses that have the ability to establish a life long
latent infection after the primary infection. Reactivation of herpes viruses may lead
to the production of a number of restricted viral genomes but may also result in
full viral replication with shedding of the virus(3). Reactivation, however, does not
always cause well-defined clinical symptoms.

CMV rarely causes overt disease in healthy individuals but on the other hand,
CMV can cause serious and life-threatening problems in immune compromised
patients (4). Pneumonitis. hepatitis and retinitis are common manifestations of
CMV in transplant recipients or AIDS patients, but symptomatic disease without
organ involvement is also recognized. CMV has well documented immunosuppres-
sive effects, resulting in the impairment of humoral and cellular immunity (5).
Shedding of CMV is readily detected in urine of adolescents with an asymptomatic
primary CMV infection (6). In immune-compromised patients, like transplant recip-
ients, it has been proclaimed that urinary and salivary shedding of CMV is a marker
of CMV infection and survival (7). In AIDS patients, salivary shedding of CMV
occurs especially if oral symptoms are present (8). CMV has also been cultured
from the lower respiratory tract, and can be found in 17% of immune-compromised
patients, especially those who are suspected of a pulmonary infection (9).

In healthy adults, recurrent HSV-1 infections mainly cause gingivostomatitis
while HSV-2 mainly causes genital lesions. HSV pulmonary infections have been
reported in surgical patients (10). Immune-compromised patients, such as trans-
plant recipients, are at greater risk of developing severe oral mucositis (11) and to
disseminate HSV to visceral organs like the lung (12). Asymptomatic salivary and
genital shedding of HSV has been reported in healthy subjects as well as in im-
mune-compromised individuals (13,14).

Patients admitted to the intensive care unit (ICU) are generally not considered
immune- compromised. These patients are therefore seldom suspected of CMV or
HSV disease.

Recent reports however, have shown a high incidence of CMV reactivation in
non-immune- compromised critically ill ICU patients (15,16). These studies were
limited by the fact that only septic patients and patients with a high Simplified
Acute Physiology Score (SAPS) were included.
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We, however, conducted a prospective clinical study on the incidence of CMV

and HSV reactivation in our multidisciplinary ICU from admission to the ICU until

discharge.

For this purpose we collected at regular intervals, saliva, urine and blood sam-

ples and if available broncho-alveolar lavage (BAL) samples from admission to the

ICU and thereafter. Blood samples were investigated for the presence of CMV and

HSV. Shedding of these viruses in the respiratory tract, saliva and urine was docu-

mented by means of viral culture.

Materials and Methods

a/id siudy dt'

The study was conducted in a 16-bed, multidisciplinary ICU of the University
Hospital Maastricht from November 1999 to April 2000. Only non-immune com-
promised ICU patients, with an expected duration of ICU stay of at least 7 days,
and a need for mechanical ventilation, were included into the study. ICU patients
on immunosuppressive drugs were excluded from the study. A total of 60 patients
wore included into the study, characteristics are shown in Table 1. The study was
approved by the Institutional Ethics Committee. Informed consent was obtained
from the patient or, if this was not possible, from a representative of the family.

To monitor the occurrence of CMV and HSV reactivation, we prospectively ob-
tained blood, urine, and saliva of patients admitted to the ICU within 24-36 hrs after
admission and subsequently once every week until discharge from the ICU or
death. If no saliva could be collected because of xerostomia, an oral swab was
taken. Saliva was collected with a salivette (Sarstedt, Numbrecht, Germany).
Additionally, all bronchoalveolar lavage (BAL) samples collected during admission
from ICU patients who were suspected of ventilator-associated pneumonia were
tested for the presence of HSV and CMV. The BAL procedure was described else-
where (17). In brief, the fiberoptic bronchoscope was introduced and advanced to
the bronchial orifice of a lung segment containing a new or persistent infiltrate. The
first fraction was not utilized for the present study and the subsequent fractions
were pooled together and processed immediately upon arrival at the laboratory.

Blood samples of both patient groups were analyzed for the presence of anti-
CMV and anti- HSV specific antibodies, CMV-mRNA, CMV and HSV DNA, using
serological tests, nucleic acid sequence-based amplification (NASBA) and poly-
merase chain reaction (PCR), respectively.
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TaM* 1 . Patients characteristics of alt patients, and acconjing to CMV or HSV infection.

Characteristic

Sex. Male/female

Mean age (yr. ± SD)

APACHE I I score (mean ± SD)

Median days in hospital prior to

ICU admission (range)

Median days in the ICU (range)

Median duration of mechanical

All patients

28/32

60.6*16.4

23*7

1 (0-32)

13 (4-44)

12 (1-39)

CMV infection

3/5

66.1±14.1

24*7/22i7

1 (0-10)

21 (5-34)

23 (5-36)

HSV infection

6/8

58.8±15.7

23*6/22*7

2(0-14)

17 (4-39)

16 (5-39)
ventilation in days (range)

Admission diagnosis

Sunjeiy

Aortic aneurysm 6
Anastomotic leak 5
Hollow viscus perforation 7
Multiple trauma 8

Internal and pulmonary medicine
Community acquired pneumonia 8
Nosocomial pneumonia 4
Cholangitis 1
Acute pancreatitis 3
Coma hepaticum 1

Neurosurgery
Intracranial bleeding 8
Head injury 5

Other 4

Additionally peripheral blood mononuclear cells (PBMCs) were isolated from

blood samples and tested for the presence of CMV and HSV DNA by PCR. Presence

of infectious viruses in urine, saliva and BAL samples of patients was detected by

means of conventional cell culture.

A CMV reactivation was defined by positive results of one or more of the follow-

ing items: seroconversion, anti-CMV IgM, a significant rise (at least fourfold) in the

anti-CMV IgG level compared to admission, detection of CMV mRNA, DNA or pos-

itive viral culture. CMV infection could be further classified as primary infection or

reinfection due to reactivation of latent virus, depending on whether the patient

was CMV seronegative or positive on admission.
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A HSV reactivation was defined by positive results of one or more of the follow-

ing items: cell culture, seroconversion, positive anti-HSV IgM, a two fold rise in

anti-HSV-IgG level in samples collected at an interval of at least 7 days, detection

of HSV DNA or positive viral culture. As for CMV infection, HSV infection was

classified as primary or secondary depending on the presence of antibodies on ad-

mission.

At entry into the study the hospital records of each patient admitted to the ICU

were reviewed. The following data were noted: age, sex, the Acute Physiology and

Chronic Health Evaluation II score (18), admission diagnosis, duration of mechani-

cal ventilation, length of hospital stay before admission to the ICU, duration of ad-

mission to the ICU and final clinical outcome. Patients admitted to the multidisci-

plinary ICU were scored for the presence of a systemic inflammatory response syn-

drome (SIRS), sepsis, severe sepsis and septic shock, according to the criteria of

the American College of Chest Physicians/Society of Critical Care Medicine (19):

1. SIRS, the systemic inflammatory response to a variety of severe clinical insults.

The response is manifested by £ 2 of the following conditions:
.)) temperature > 38°C or < 36°C;
b) heart rate > 90 beats/min;

c) respiratory rate > 20 breaths/min or PaCOj < 32 mmHg;

d) white blood cell count > 12x 107mm' or < 4xlO-Vmm-'.

2. Sepsis. The systemic response to infection. The response is manifested by the
same criteria for SIRS, in the presence of an infection.

3. Severe sepsis. Sepsis associated with organ dysfunction, hypoperfusion, or hy-
potension. Hypoperfusion and perfusion abnormalities may include, but are not
limited to, lactic acidosis, oliguria, or an acute alteration in mental status.

4. Septic Shock. Sepsis associated with hypotension, despite adequate fluid resus-
citation, along with the presence of perfusion abnormalities as listed for severe
sepsis.

/.flborafory prix'ttfu/TPX

C M V a n d H . S V s t f

Sera were tested for the presence of IgM and IgG antibodies against CMV and HSV.

CMV antibodies were detected (AxSYM assay, Abbott Laboratories, Illinois, USA)

as described elsewhere (20). Results of the anti-CMV IgM assay were expressed as

index values. Sera with index values of > 0.5 were considered positive. Anti-CMV-
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IgC levels were expressed as numbers of antibody units (AU) per ml. Anti-CMV-

IgG levels of £ 15 AU/ml were considered positive.

For the detection of HSV antibodies an enzyme immunoassav (F.nzvgnost) was

used (Dade Behring. Marburg. Germany) as described by Gutierrez et al.(21). Both

ami HSV-IgM tiler and anti-HSV IgC tiler of > 0.2 were considered positive.

Orfrrfion of infrrfious virus

For the detection of infectious CMV or HSV in urine, saliva and BAl. fluid, cell cul-

ture was used as described by Kraat et al. (22). Mel-cells (Bio Whittaker.

Walkersville. USA) and Vero-cells were used for CMV and HSV detection respec-

tively. Briefly, samples were put on top of the cellmonolayers. containing Minimal

Essential Medium (MEM) supplemented with 1 % Fetal Calf Serum (FCS) and cen-

trifuged at 250 x g for 30 minutes at 20°C. The supernatant was discharged and

MEM containing 2% New-born Calf Serum (NCS) was added. Shells were incu-

bated in a CC<2 stove at 36°C. Medium was refreshed twice a week for 6 to 8

weeks. A positive result was scored if a characteristic cytopalhogenic effect of

virus in the cells was detected.

iso/arion from urine

For the isolation of DNA from urine and saliva the Wizard genomic DNA purifica-

tion Kit ( Promega Corporation, Madison, USA) was used as suggested by the man-

ufacturer. The purified nucleic acids were eluted in a total volume of 50 ul of

which 5 pi was used for PCR.

and RAM !'so/a(ion from b/ood

Hundred ul of EDTA-blood was added to 900 ul guanidine-isothiocyanate buffer.

From this sample total nucleic acid was isolated as described by Boom et al. (23)

The purified nucleic acids were eluted in a total volume of 50 ul of which 5 ul was

used for PCR.

DAM iso/an'on from penphera/ b/ood mononuf/far re//s

PBMCs were isolated using the Ficoll-paque (Pharmacia Biotech, Uppsala, Sweden)

separation technique. Two ml of venous EDTA blood was gently layered on top of 4

ml Ficoll-paque and centrifuged at 600 x g for 20 minutes at 20°C. The layer of

PBMCs was collected using a sterile 2ml pipette and suspended in 5 ml ice-cold

erythrocyte lysing solution. After incubation for 10 minutes at 4°C, the suspension

was centrifuged at 300 x g for 10 minutes at room temperature. The pellet was re-
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suspended in 0.01 M PBS, pH 7.2 and washed twice (300 x g, 10 minutes at 20°C).

After this procedure the pellet was resuspended in 1 ml PBS and PBMCs were

counted using the Sysmex M-2000 (Charles Coffin, Tiel, the Netherlands). One ml

cell suspension containing 10*" - 10? cells was centrifuged at 2000 rpm for 5 min-

utes at room temperature using the Micro 22R (Hettich, Tuttlingen, Germany).

Subsequently, the supernatant was discharged and the remaining pellet was stored

at -70°C. Isolation of DNA from the stored cell pellet was used as described above.

o/ CMV mKNA in b/ood by AMSBA

Isolation, amplification and detection of pp67 mRNA, expressed from the UL65

open reading frame of CMV, was performed accordingly as described previously

(20). Isolation, amplification and detection of IE1 mRNA transcripts was per-

formed as for pp67 mRNA, but for the IE1 amplification two primers directed to

exon 4 of the majur IE1 gene were used (24).

o/ CMV DAM in Mood by PCR

We set up a PCR using the forward primer P813 (5-GCAGACTCTCAGAGGATCC

GCCCCC.V), and reverse primer P234 (5-GCGGGAGATGTGGATGGCTTGTAT

TAACGA-3") to amplify a 603 bp DNA fragment corresponding to a part of the exon

4 of the major IE-1 gene.

To be able to control PCR reactions for the presence of inhibitors, we generated

control DNA by PCR, corresponding to position 171,021 - 172,971, in the genome

of the CMV AD 169 strain (25). The PCR control DNA contains the annealing sites

for the primers P234 and P813. The PCR reactions for the detection of CMV were

performed in duplicate. One of these reactions was spiked with 50 copies of the

control DNA to check for the presence of PCR inhibitors.

The reaction was performed in a total volume of 50 pi, containing 0.1 uM of

primer P234 and P813, O.lmM dNTPs, lx HotStarTaq PCR buffer (Qiagen, contain-

ing 1.5 niM MgCl,), additional 3 mM MgCU, 1.25 units HotStarTaq polymerase

(Qiagen) and 5 pi of the purified nucleic acids. A reaction with water instead of

nucleic acids was included as a negative control. As a positive control a dilution

series of the control DNA was included. PCR was carried out in a DNA thermal

cycler using the following cycles: 1 cycle of 15 min at 95°C; 50 cycles of 30 sec at

95°C. 30 sec at 70°C, and 30 sec at 72°C. After the last cycle, primer extension was

continued for 5 min at 72°C to allow all templates to be completed. The amplifica-

tion products wore analysed by agarose gel electrophoresis and ethidium bromide

staining.

The PCR products were spotted and hybridized with a 5-biotinylated probe
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CMV-PCR-PR (5-AGA GAG ACA ACG TGC TCA CCC) for conformation. Hybridiza-

tion signals were visualized using streptavidin peroxidase and electro chemilumi-

nescence (ECL) detection reagents (Amersham. Little Challonl. United Kingdom).

The sensitivity and specificity of the PCR was tested respectively, by using con-

trol DNA and DNA isolated from cultures of Herpes simplex virus type 1 and 2.

Epstein-Barr virus. Human Herpesvirus-6 and 7. and Varicella-Herpes Zoster virus.

The CMV-PCR was able to reliably detect at least 5 copies of the control DNA. No

cross-reactivity of this PCR with described herpes viruses was found (data not

shown).

HSV PoJymrraj* C/iain ffcurfion

For this purpose a Real-Time TaqMan assay was used. Primers for the detection of

HSV type 1 were published before (26, 27). The sequences for HSV typo 2. were

newly designed using Primer Express software (Applied Biosyslems, Nieuwerkerk

aan de Ussel, The Netherlands). The sequences used for HSV2 were located in the

gD gene and generated an amplification product of 71 base pairs (forward primer

5-CCCCAAATACGCCTTAGCA. reverse primer 5 •CACCTTCrRXCGaiAAAT.

fluorogenic probe 5-CTCCCTTAAGATCGCCGATCCCAA TC with .1 KAM reported

molecule). All PCR amplification reactions were performed in a 50 ul volume con-

taining 2x TaqMan universal mastermix, 45 pmol/ul forward primer, 2.5 pmol re-

verse primer, 5 pmol Taqman probe and 10 ul isolated DNA. After preparing of the

reaction tubes, the whole plate holder was centrifuged for 1 minute at 1000 g at

room temperature in a swing out rotor (Hettich Rotina 48R, Tuttlingen, Germany)

to remove small air bubbles in the vessels. The amplification and detection was

performed with an ABI Prism 7700 Sequence Detection System (Applied Bio-

systems, Nieuwerkerk aan de Ussel. The Netherlands). After incubation for 2 min-

utes at 50°C with uracil N'-glycosylase to inactivate possible PCR contaminants

from former reactions, the reaction tube was incubated for 10 minutes at 95°C to

inactivate the uracil N'-glycosylase and to release the activity of the AmpliTaq Gold

DNA polymerase. The PCR cycling program consisted of 42 two-step cycles of 15

seconds at 95°C and 60 seconds at 60°C. Real time measurements were taken and

a threshold cycle (Ct) value for each sample was calculated by determining the

point at which the fluorescence exceeded a threshold limit of 0.04. Each run con-

tained several negative controls (no template), a positive control containing a

known viral copy number based on an electron microscopic counted standard.
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Data are expressed as median ± SD. The length of stay in the ICU, requirement for

mechanical ventilation, the presence of sepsis and mortality rate was compared

between patients with and without CMV or HSV reactivation by using the Mann-

Whitney test.

Results

characteristics

Sixty ICU patients were included in the study. Demographic and clinical data of all

ICU patients and according to the presence of a CMV or HSV reactivation are de-

scribed in Table 1. Of these patients, 30 patients fulfilled the criteria of SIRS. Sepsis

was documented in 4 patients. Nineteen patients suffered from a septic shock,

whereas 7 patients experienced a severe sepsis.

No differences in length of stay in the ICU were found between patients with or

without a CMV or HSV infection.

BAI. was performed in 16 patients and ventilatory associated pneumonia was di-

agnosed in 9 patients. The isolated micro-organisms were Sfap/iy/ococcus aureus,

Enfero/jarreriaraie and Pseudomonas

CMV ami HSV /g

Of the 60 patients. CMV IgG-antibodies were detected in 41 patients (67%), while

HSV IgG-antibodies were positive in 49 (82%) patients. CMV IgG-antibodies and

HSV IgG-antibodies were both present in 41 patients (67%).

CMV and HSV reacfi wifiOH

Reactivation of CMV or HSV according to the definition described above was found
in respectively 19% (n-8) and 28% (n-14) of seropositive patients.
Simultaneous reactivation of CMV and HSV was present in 4 patients. CMV reacti-
vation occurred at an average of 15.7 days after admission, whereas a HSV was
documented at an average of 8.0 days. No CMV or HSV seroconversion was docu-
mented, indicating that no primary infection for both CMV and HSV occurred in
our patients. The number of positive results according to sample site and test re-
sult .ire given in Table 2. In the 3 patients with a positive HSV culture of BAL fluid,
no HSV was detected in salivary samples at that time.
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TaMe 2. Number of ICU

Saoptesite

lest

VcCMV

VcHSV

IgC CMV

IgM CMV

IgG HSV

IgM HSV

CMV mRNA

CMV DNA

HSV DNA

patients with a CMV or HSV infection according to sample site and

Lung Blood

0 X

3 x

2

5

4

5

4

2

0

Saliva

0

u

X

X

test result.

Urine

0

0

0

X

Vc - Viral culture; x • not performed.

CMV or HSV reactivation. Sepsis, Morra/ity rate and Mec/zanica/

CMV and HSV reactivation was present in respectively 23% (7/30) and 27%

(8/30) of septic patients. Of the 60 patients admitted to the ICU, 30 patienls died, 5

patients died after discharge into the general ward. In patients with CMV reactiva-

tion the mortality rate tended to be higher than in patients without CMV reactiva-

tion. Five of the 8 patients (62%) with CMV reactivation died, as opposed lo 21 of

the 41(51%) CMV seropositive patients without reactivation (P = 0.06). Between

patients with and without HSV reactivation no difference in mortality rate was

found (P = 0.6). CMV and HSV reactivation were associated with a prolonged re-

quirement of mechanical ventilation (respectively, 23 days and 17 days) compared

to those without reactivation (respectively 9 days and 7 days, P <0.05).

Discussion

In this prospective study, that included sixty non-immune compromised patients

admitted to a multidisciplinary ICU, CMV and HSV reactivations were found in

19% and 28% respectively of the seropositive patients. Patients thai were expected
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to be ventilated for less than 7 days were excluded from the study due to the as-

sumption that a critical illness that only lasts for some days may be an insufficient

condition for these viruses to reactivate. It appeared indeed that HSV or CMV reac-

tivation occurred after an average of 8 and 15 days respectively after ICU admis-

sion. This could be documented because all included patients were monitored as

from admission on the ICU. The median duration of stay in the hospital prior to

ICU admission was only 1 to 2 days, suggesting a recent onset of illness in the

study population. Apart from this, nosocomial acquisition of these infections could

not be demonstrated in CMV or HSV seronegative individuals.

In general, ICU patients are regarded as immunocompetent individuals. Never-

theless, depression of lymphocyte function, especially those of T-lymphocytes (28)

has been described in surgical ICU patients, which make them more susceptible to

reactivation of herpes viruses. Reactivation of herpes viruses, especially CMV, has

been linked to increased levels of tumor necrosis factor-alpha (TNF-ct) (29), a com-

mon phenomenon in septic ICU patients (30). A recent prospective study by

Heininger et al.(16) showed a high incidence of CMV reactivation in non-immune

compromised CMV-seropositive critically ill ICU patients with a high simplified

acute physiology score (SAPS II). In 35.6% of these patients, CMV DNA was de-

tected in plasma, leukocytes, or tracheal secretions. In 12.5 % of patients, the virus

w.is cultured from the respiratory tract. Viremia did not occur. The presence of

CMV-DNA was documented in up to 62,5% of septic patients. The study was per-

formed in a highly selected group of critically ill patients and patients were en-

rolled after an average of 7 days on the ICU. Documentation of CMV infections did

not include salivary and urinary cultures nor CMV-mRNA detection, as in our

study. It positive this would strongly suggest CMV reactivation, while CMV-DNA

testing, as performed in the study by Heininger et al. may theoretically also be de-

tected during latency.

In our study, CMV reactivation was demonstrated in 23% when seropositive

septic patients were considered. Our results support therefore the findings of oth-

ers (15,16) that CMV (re)inlections are common among septic patients. Further-

more we documented an even more frequent reactivation of HSV. With the excep-

tion of one patient, reactivation of CMV occurred in all septic ICU patients. On the

other hand the incidence of HSV reactivation in septic ICU patients equaled those

without HSV reactivation (57% (8/14) versus 63% (22/35)). These findings are all

in line with the findings in transplant recipients that HSV reactivation occurs ear-

lier and in less immune compromised patients compared to CMV (31).

In the present study, apart from HSV cultures of oropharyngeal secretions and
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bronchoalveolar lavage fluids, the presence of HSV DNA in bkxxi was studied as

well. Unlike patients with recurrent herpes labialis (32) and patients with a clinical

acute attack of multiple sclerosis (33). no HSV DNA could be detected in whole

blood samples nor in separately isolated PBMCs. It seems therefore that in the ICU

patients. HSV reactivation occurs from the usual sensory nerve ganglion sites and

remains restricted to the oropharynx and by extension or aspiration to the respira-

tory tract but that HSV does not disseminate to visceral organs. The importance of

HSV infection of the respiratory tract has been established in several reports, and Is

associated with prolonged requirement for mechanical ventilation, length of ICU

stay and increased mortality (34-37). Also in the present study we found .» pro-

longed requirement for mechanical ventilation in patients with HSV infection.

Our study showed that CMV reactivation occurs mostly in severely ill patients,

especially those suffering from bacterial sepsis. The duration and severity of illness

may have compromised the immune system in such a way that complete or partial

CMV replication takes place. Apart from the infection of various cell types in differ-

ent organs, CMV may also latently infect bone marrow progenitor cells. CMV reac-

tivation may lead therefore to a systemic infection and in our patients the presence

of viral DNA and mRNA in blood was also documented. However, no excretion of

CMV in saliva or urine was found, a common phenomenon in transplant recipients

with a systemic CMV infection (8). This means that in our study septic ICU pa-

tients were still able to eliminate the virus in a rapid manner or that no full viral

replication occurred. As for HSV, CMV reactivation also appeared to be associated

with a prolonged requirement for mechanical ventilation, however the cause and

effect of this association could not be determined and the clinical relevance re-

mains therefore disputable.

In summary, reactivation of CMV or HSV was documented in 19% and 28% re-

spectively of the seropositive patients in our multidisciplinary ICU. Reactivation of

CMV manifested itself 15 days after admission on the ICU by the detection of viral

transcripts (mRNA and DNA) in blood mostly of septic patients while the excretion

of complete virus in urine and saliva was not demonstrated. On the other hand

HSV was cultured from saliva and airway secretions from both septic as well as

non-septic patients 8 days after ICU admission. Both conditions resulted in pro-

longed requirements for mechanical ventilation although cause and effect remains

unclear.
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The exact pathogenesis of ventilator-associated pneumonia (VAP) is still debated.

In the past the gastropulmonary route of colonization of the respiratory tract was

considered the most important However, recently the theory of involvement of the

oropharyngeal route has regained influence as an antecedent to VAP. and several

studies have emphasized the pathogenic role for colonization in the oropharvnx.

Therefore a sound oropharyngeal mucosa. as an essential part ol the host delense.

is of the utmost importance. The oropharyngeal mucosa is a natural barrier in pre-

venting adhesion and invasion of potentially pathogenic microorganisms (ppmo)

like Em<vr>touferiareae. PseiNfomontis <irruj(iric>.«<i and Srdp/iWtxwriiü t i i im».

These microorganisms are considered the most important pathogens causing noso-

comial pneumonia in ventilated intensive care patients, the so-called VAP.

Saliva plays an important role in maintaining the host defense of the oro-

pharynx. It not only prevents damage by moistening the mucosa. but also it con-

tains several specific antmicrobial substances like lysozyme, lactoferrine. peroxi-

dase. fibronectin. cystatins and mucins which prevent adherence of ppmo Absent

or diminished salivary flow (xerostomia) can result in injury of the mucosa linuco-

sitis). a substrate for ppmo adherence. Although it can be expected that saliva

plays a key role in ihe host defense of the oropharynx in ICU patients, to our

knowledge no research on salivary flow in ICU patients has been performed.

Also it is not known if changes in salivary flow or composition is linked with the

occurrence of mucositis or ppmo colonization of the oropharynx in ICU patients.

Therefore we performed a prospective study in ventilated ICU patients in which

we studied the relation between salivary flow and mucositis of the oropharynx. We

also studied when colonization of the oropharynx with ppmo occurred.

This study is described in chapter 1. The following parameters in time were de-

termined: stimulated salivary flow (SSF), IgA output and degree of mucositis. At

the same time semi-quantitative oropharyngeal cultures were taken.

Two types of ICU patients were studied and compared to each other. One group

consisted of patients undergoing elective coronary artery by-pass (CABC) and was

extubated within 24 hours. The other group consisted of patients from the multi-

disciplinary ICU who were admitted because of the need of mechanical ventilation

for at least 48 hours. The results of this prospective study showed that the CABG

patients experience a temporary decrease in SSF and IgA output, which did not re-

sult in mucositis, nor in acquired colonization of the oropharynx with ppmo.

A possible explanation is that these patients resume their oral intake, again permit-

ting stimulation of saliva production. This results in lesser mucosal damage and

dehydration.
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Totally different results were found in ventilated ICU patients. Soon after admis-

sion in the ICU absent SSF was documented and in the following weeks they devel-

oped an increase in mucositis. All iCU patients who had to be ventilated for more

than 2-3 weeks showed signs of (severe) mucositis. Analysis of the oropharyngeal

flora in time showed a significant increase of oropharyngeal colonization with

ppmo, especially Enferofaarferifla'af and Pseudomonas aerugi/iosa. At the same

time a correlation was found between the acquired colonization with these types

of microorganisms and presence of mucositis. In summary, it seems that ventilated

ICU patients suffer from a nearly absent salivary flow, resulting in diminished pro-

tection and dehydration of the mucosa resulting in mucositis. Mucositis possibly

attributes to colonization with ppmo, especially Enferobacferiamie and Pseudo-

morifls aiTU^'i/iosa and subsequently will result in lower respiratory tract coloniza-

tion.

Most of acquired infections in ventilated ICU patients result from respiratory tract

infections. Therefore, most of antibiotics (50%) prescribed in the ICU are for treat-

Ing these infections. Excessive or inappropriate use of antibiotics can result in in-

creasing antibiotic resistance, a nightmare for every clinician. One of the methods

to reduce antibiotic use and resistance is to shorten the duration of antimicrobial

therapy for respiratory tract infections in ventilated ICU patients. Although guide-

lines have been issued regarding this subject, they were never tested in a prospec-

tive randomized trial looking at resolution of infectious parameters. Little is known

about the resolution of parameters like temperature, leukocyte count, gas ex-

change (PaO2/FiO2 ratio) and semi-quantitative cultures of tracheal aspirate after

initiating antimicrobial therapy for VAP.

In chapter 2 the resolution of infectious parameters associated with VAP are stud-

ied after institution of appropriate antimicrobial therapy.

In this study VAP was diagnosed by means of bronchoalveolar lavage. All four

parameters (temperature, leukocyte count, gas exchange (PaO2/FiO2 ratio) and

semiquantitative cultures of tracheal aspirate) showed a significant improvement

after the start of treatment of VAP, especially during the first 6 days. Enrero-

l>fli'ft'ri(irrti*' and /' (icnigtnosa were cultured from the tracheal aspirate during the

treatment of VAP, despite adequate antimicrobial therapy and in vitro susceptibil-

ity. This was in contrast to pathogens like Hemophilus influenzae. Streptococcus

pneumoniae and Staphylococcus aureus; these pathogens disappeared quickly

from the tracheal aspirate. From the sixth day on after initiating antimicrobial ther-
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apy in these patients, in essence Em«?n>bcKieriac«ie and P. üfrn#mos<i were cul-

tured from the trachea! aspirate. Our results raises the question if the advised dura-

tion of 14-21 days for treatment of VAP is too long, because after 6 davs of antibi-

otic therapy infectious parameters have normalized. In some ol the patients a

shortening of the duration of antimicrobial therapy could even have prevented new

acquired colonization with Kmtrobarfentirttie and P. a«rn#i>»os«.

Like in ventilated ICU patients, also cystic fibrosis (CF) patients experience persis-

tent P. acru^iriosd colonization of trachea! secretions despite adequate antimicro-

bial therapy. The persistence of P. atru^mosd in CF patients among others ha»

been attributed to changes in mucin composition of trachea! secretions. Especially

the increase in sulfation and sialylation of mucin is held responsible. Recently a

mucin-sulfatase has been demonstrated in P aeru£im>.«i, an enzyme capable of

breaking down mucins, which enable P. (icnt^i'misa to survive in the mucus.

Chapter 3 addresses the question if increased levels of sulfated mucins are found

in the lower airways of patients with VAP. To test this hypothesis BAI. samples

were prospectively examined in ventilated ICU patients with VAP. Those patients

were compared with ventilated ICU patients and non-ventilated outpatients with

out a respiratory infection.

The levels of sulfated mucins in BAL samples in our study appeared to be 3-5

times higher in ventilated ICU patients with VAP than in patients without a respira-

tory infection. Mechanical ventilation did not influence the level of sulfated mucin.

No significant differences in the level of sulfated mucin were found between the

different pathogens causing VAP. Therefore it seems that the increase in sulfated

mucins is the result of inflammation due to the infection, as was recently demon-

strated in cystic fibrosis (CF).

The results as described in chapter 1 show that a decrease in salivary flow in venti-

lated ICU patients can result in damage to the oropharyngeal mucosa. The increase

in oropharyngeal mucosal injury paralleled the degree of ppmo colonization. This

points towards a deterioration of the normal barrier function (non-specific immu-

nity) of the oropharyngeal mucosa in ICU patients. Also severely ill patients show

a deterioration of their cellular immunity. This is why herpesviruses like cy-

tomegalovirus (CMV) and herpes simplex virus (HSV), which reside in a latent

form in the host after primary infection, can reactivate. If reactivation occurs it can

result in mucosal in jury of the oropharynx and respiratory tract. HSV can cause

severe gingivostomatitis, or tracheobronchitis. CMV can cause xerostomia and
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even pneumonia. Also these herpesviruses have been linked to the occurrence of

oropharyngeal ppmo colonization. Data about the nature and magnitude of herpes

reactivation in 1CU patients are somewhat conflicting. To gain understanding of the

importance of herpes reactivation we performed two prospective studies. We stud-

ied two types of ICU patients. ICU patients who are exposed to stress of short dura-

tion, i.e. patients undergoing elective CABG and ICU patients with persistent

stress, i.e. patients in need of mechanical ventilation with an expected duration of

ICU admission of at least one week.

In chapter 4 patients undergoing elective CABG were examined for the presence of
CMV reactivation. For this purpose blood, urine and saliva samples were tested,
before and one and two weeks after the operation. Besides the use of a conven-
tional viral culture technique, serological antibody detection (IgG and IgM) and
the monoclonal antibodies directed again CMV, samples were tested with more
sensitive techniques like Nucleic Acid Sequence-Base Amplification (NASBA) and
polymerase chain reaction (PCR). The latter two are able to detect CMV-mRNA
and -DNA. Also serological investigation was performed 2-3 months after the op-
eration. None of the CMV seropositive patients showed a significant rise in sero-
logical antibodies, in the 2-3 months after the operation. In saliva and urine no
CMV could be detected by means of conventional cultures or PCR. Peripheral
blood monoiuiclear cells (PBMCs) were isolated from blood samples and tested for
the presence of CMV with the aid of monoclonal antibodies and PCR. Blood sam-
ples were also tested by means of NASBA and PCR. In both PBMCs of CMV
seropositive patients and CMV seronegative patients monoclonal antibodies
against CMV were detected. This could not be confirmed by PCR. Also no CMV-
mRNA and -DNA was present in these blood samples.

Chapter S deals with the results of our study on the presence of CMV and HSV re-
activation in ICU patients. The same technique to detect CMV was used as men-
tioned in chapter 4. For the detection of HSV a conventional viral culture tech-
nique, serological testing and PCR was used. Again blood, urine and saliva sam-
ples were tested. If a BAL was performed in these patients because of the suspicion
of a VAP these samples were also tested for the presence of CMV and HSV by
means of a conventional culture viral technique. Reactivation of CMV and HSV
was demonstrated in 19% (n-8) and respectively 28% ( n - 14) of seropositive pa-
tients. Primarily septic patients were at risk of developing viral reactivation.
Twenty-three percent of septic patients showed CMV reactivation, while in 27%
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HSV reactivation was documented. CMV reactivation was detected at an average
of 15 days after admission to the ICU by detection of mRNA and DNA in Mood

samples, while the virus could not be detected in urine or saliva.

On the other hand HSV was cultured from saliva and airway secretions from both

septic as well as non-septic patients at an average of 8 days after ICU admission.

Both CMV and HSV reactivation were associated with a prolonged requirement of
mechanical ventilation (respectively 23 days and 17 days) compared to those with-
out reactivation (respectively 9 days and 7 days). No primary herpes infection was
found by means of serological investigation.

This thesis consists of some important observations. First of all the conclusion of
chapter 1 was that deterioration of the oral mucosa is a common phenomenon in
ventilated ICU patients, which resulted in a profound mucositis and concomitant
increase in oropharyngeal colonization with ppmo. This in itself is a risk factor for
the development of VAP due to aspiration of these ppmo. The question is can the
deterioration of the oral mucosa be prevented? Normally oral care is consigned to
ICU nurses who rightly prioritize their care to immediate medical problems. Also
ICU nurses have not been formally trained to assess the oral status of patients in
the intensive care units, and often no oral care protocol (or these patients is avail-
able. Despite this imperfection, ICU nurses play an important role in preventing
deterioration of the oral mucosa in ICU patients. If properly trained and supported
by dental hygienists, it has been shown that ICU nurses were able to reduce oral
mucositis of patients in the ICU by means of the implementation of a well-devel-
oped oral care protocol. If this will reduce the extent of oropharyngeal colonization
with ppmo is the subject of further studies. From chapter 2 it can be concluded
that resolution of infectious parameters in VAP, if adequately treated, mostly oc-
curs within 6 days after the start of antibiotic therapy. Despite adequate antibiotic
therapy these patients have persistent or acquired tracheal colonization with
Gram-negative bacteria (GNB). The latter occurs in most patients after 6 days of
treatment. One of the explanations is that these patients acquire GNB colonization
due to selective antibiotic pressure. Therefore, we propose to perform a prospec-
tive randomized trial to evaluate the effect of a shorter duration of antibiotic ther-
apy for VAP, i.e. 7 days instead of 14-21 days on acquired GNB tracheal coloniza-
tion. Also such a study could help to reduce the risk of adverse drug events and
help to cut health care costs. In chapter 3 we found an. increase in sulfated mucins
in BALF of patients with VAP, like in tracheal secretions of CF patients. The in-
crease of sulfated mucins was probably due to inflammation. Furthermore, the in-
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crease of sulfated mucins might contribute to a decreased clearance of pathogens

from the lower airways in ventilated ICU patients. Therefore it would be interesting

to study the evolvement of the sulfated mucin in tracheal secretions from the start

of mechanical ventilation. And to see if the increase of sulfated mucins parallels

the increase in microbial colonization of tracheal secretions. Chapter 4 questions

the use of immunocytology, as described by other investigators, for the detection

of CMV reactivation. We feel this technique is to aspecific, because NASBA or PCR

could not confirm CMV reactivation, not even by a rise in CMV antibodies. Our

study showed that examination of blood samples by means of monoclonal anti-

bodies directed again CMV is liable to erroneous observations. Recent studies on

this subject, using this technique should therefore be interpreted with caution.

Herpes viral reactivation is a common phenomenon in immune-compromised pa-

tients, like in transplant recipients and those with aids. In general the possibility of

HSV or CMV reactivation receives little attention in critically ill patients who are

admitted to the ICU, because they are considered immune-competent. The study,

as addressed in chapter 5, on HSV and CMV reactivation in our multidisciplinary

ICU confirms the reactivation of these viruses, as was described by other investiga-

tors. Especially septic patients were at risk of developing viral reactivation. The

question whether CMV and HSV reactivation contribute to an increase of mortality

in critically ill patients has to be answered in future studies.
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Er bestaan verschillende theorieen met betrekking tot de pathogenese van de noso-

comiale pneumonie bij een mechanische beademde patient. Alhoewel de gastro-

pulmonale route van kolonisatie van de lagere luchtwegtMi door sonunige als be-

langrijkste wordt beschouwd. heeft het belang van de oropharyngeale mute de

laatste jaren aan terrein gewonnen. Dit concept benadrukt het belang van intacte

oropharyngeale slijmvliezen als essentieel onderdeel van de aspecifieke lokale af-

weer. De oropharyngeale slijmvliezen vormen een natuurliike en eersto mechani-

sche barriere en voorkomen aanhechting en invasie van potentieel pathogene

micro-organismen (ppmo) zoals Enterobacteriaceae. Pseudomonas aeruginosa en

Staphylococcus aureus. Deze micro-organismen worden beschouwd als de belang-

rijkste verwekkers van de nosocomiale pneumonie bij mechanische beademde pa-

tienten. ook wel ventilator associated pneumonia" of VAP genoemd.

Speeksel speelt een belangrijke rol bij zowel de specifieke als niel specifieke af-

weer van de oropharynx. Het voorkomt niel alleen beschadiging van de slijmvlie-

zen door bevochtiging maar ook door meer specifieke al dan niel antimicrohiele

bestanddelen. zoals o.a. lysozyme. lactoferrine. peroxidase. fibronectine. cystati-

nen en mucinen wordt aanhechting van ppmo voorkomen. Een afgenomen of af-

wezige speeksel productie (xerostomia) kan leiden tot oropharyngeale slijnivlies

beschadiging (mucositis). waardoor ppmo zieh aan het slijmvlies ktinnen hech-

ten. Alhoewel men van de veronderstelling mag uitgaan dat speeksel een belang-

rijke rol speelt bij de lokale afweer van de oropharynx bij type intensive care (IC)

patienten, is tot op heden nooit onderzocht hoeveel speeksel er wordl geprodu-

ceerd bij IC patienten tijdens hun opname op de intensive care. Tevens is niet be-

kend of een veranderde speekselproductie of samenstelling verband houdt met het

optreden van mucositis en/of aanleiding geeft tot kolonisatie met ppmo van de

oropharynx bij IC patienten.

Hoofdstuk 1 beschrijft de resultaten van een prospectieve Studie beschreven

waarin onderzocht werd of er bij beademde IC patienten een verband bestond tus-

sen de productie en de kwaliteit van het speeksel en oropharyngeale mucocitis.

Ook werd bestudeerd wanneer kolonisatie met ppmo optrad. De volgende parame-

ters werden in de loop van de tijd gemeten: gestimuleerde speeksel flow (SSFJ, IgA

speeksel afgifte, ernst van de mucositis. Op dezelfde tijdstippen werden semi-

kwantitatieve oropharyngeale kweken afgenomen. Twee type IC patienten werden

bestudeerd en ook met elkaar vergeleken. Een groep bestond uit patienten die een

electieve coronaire-bypass operatie (CABG) ondergingen en binnen 24 uur gedetu-

beerd werden. De andere groep bestond uit algemene IC patienten die minimaal 48
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uur beademingsbehoeftig waren. De resultaten van dit prospectief onderzoek laten

zien dat er bij CABG patienten een kortdurende daling van de SSF en IgA speeksel

afgifte optreedt hetgeen niet resulteerde in mucositis noch in verworven kolonisa-

tie mel ppmo. Een mogelijke verklaring hiervoor is dat deze patienten reeds de

tweede dag postoperatief hun orale intake hervatten, waardoor de speeksel pro-

ductie wordt gestimuleerd, en schade aan de slijmvliezen door onder andere uit-

droging wordt voorkomen. Totaal andere resultaten worden gevonden bij de IC pa-

tienten. Reeds kort na opname op de IC is er sprake van een afwezige SSF, en in de

weken na het starten van de beademing wordt een significante toename van de

mucositis waargenomen. Bij alle IC patienten die langer dan 2-3 weken beademd

moesten worden was er sprake van (ernstige) mucositis. Analyse van de oropha-

yngeale flora vertoonde een significante toename in de kolonisatie met ppmo, met

name die van KHhTO/Mirfi'riflctw en Pseudornonas Aenigi/iosa. Tevens bleek er een

correlate te bestaan tussen het verwerven van deze kolonisatie met deze typen

micm-organismen en de aanwezigheid van mucositis. Samenvattend lijkt het erop

dat bij beademde IC patienten de speeksel productie sterk afneemt hetgeen tot ge-

volg heeft dat slijmvliezen uitdrogen en onder andere daardoor mucositis kan ont-

staan. l)e mucositis draagt mogelijk bij aan de kolonisatie met Gram-negatieve

micro-organismen in de oropharynx en als gevolg daarvan van de lagere luchtwe-

gen. Toekomstig onderzoek gericht op het voorkomen van mucositis, zal moeten

uitwijzen of dit vermoeden bevestigd zal worden.

Met mcrendeel van do op de IC verworven infecties treden op bij beademde patien-
ten. hierhij g.uit het met name om luchtweginfecties. Dit houdt tegelijkertijd in dat
het grootste deel (± 50%) van het antibiotica gebruik op het conto komt van deze
luchtweginfecties. Overmatig gebruik van antibiotica leidt tot selectie van multire-
sistente micro-organismen met alle gevolgen van dien. Een van de manieren om
het antibioticum gebruik en resistentie terug te dringen is de therapie duur voor
deze luchtweginfecties te verkorten. Alhoewel er richtlijnen bestaan met betrek-
king tot de therapie duur voor deze luchtweginfecties, zijn deze nooit getoetst in
een prospectieve studie waarbij gekeken werd naar een verbetering van infectieuze
parameters. Er is dan ook weinig bekend over de respons van parameters zoals
(emperatuur. leukocyten getal. gasvvisseling (PaO2/FiO2 ratio) en semi-kwantita-
tieve kweken van trachea aspiraat op antimicrobiele therapie voorgeschreven in
het kader van VAP. In hoofdstuk 2 wordt de respons van deze parameters beschre-
ven na het starten van antimicrobiele therapie.

VAP werd bij alle patienten vastgesteld door middel van een broncho-alveolaire
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lavage. Alle vier parameters lieten een signiricante verbetehng zien na het starten

van de behandeling en met name gedurende de eerste 6 dagen. Knrt'mfeh-renVimif

en P aerugmosa werden gedurende de hele therapie voor VAP uit het irachea aspi-

raat gekweekt, ondanks adequate therapie en met bliivende in vitro govooligheid.

Dit in tegenstelling tot verwekkers zoals H. influenza«». S pnciirnoruiit* on S <nirt*ii$

; deze bacterien verdwenen snel uit het trachea aspiraat. en vanaf de 6de dag na

het starten van de antimicrobiele behandeling werd bij deze patienten voor name-

lijk E/iferofeörreriartw en P arnyjifiosd uit hei trachea aspiraat gekweekl. IV/.o ge-

gevens suggereren dat de geadviseerde therapie duur van 14-21 dagen voor VAI' te

lang is, omdat na 6 dagen antibiotica de infectieuze parameters ziin gonormall-

seerd. Bij sommige patienten zou door een kortere behandeling mogolijk zolfs een

nieuwe kolonisatie met Enremfeirrernirra? en P aeruffi'noMi ktmnen worden voor-

komen. Uiteraard dient deze hypothese getest te worden in een goed uitgevoerde

Studie.

Net als bij beademde IC patienten. is er ook bij cystic fibröse patienten sprake van

persisterende P aenyjinosa kolonisatie van het sputum ondanks vaak adequate

antibiotische therapie. Het persisteren van P ut'rugirtosa wordl bij doze CI-' pation-

ten o.a. toegeschreven aan een verandering van de mucine samenstelling van het

sputum. Een toegenomen sulfatering en sialysering van deze mucines is hier mede

voor verantwoordelijk. Recent is aangetoond dat P. aenigt'nora beschikt over een

mucine-sulfatase, een enzym dat gesulfateerde mucines afbreekt, die hot hem mo-

gelijk maakt in de mucus te overleven. Hoofdstuk 3 gaat in op de vraag of er ook

bij VAP een verhoogde concentratie van gesulfateerde mucines aanwezig is in de

diepere luchtwegen. Om deze hypothese te testen werd prospectief de broncho-al-

veolaire lavage (BAL) vloeistof onderzocht van beademende IC patienten met een

VAP. De beademde IC patienten met VAP werden vergeleken met beademde IC pa-

tienten en niet-beademde poliklinische patienten zonder een luchtweginfectie.

De concentratie van gesulfateerde mucines bij beademde patienten met een VAP

bleek 3-5x zo hoog als bij de patienten zonder een luchtweginfectie. De mechani-

sche beademing had geen invloed op de concentratie van gesulfateerde mucines.

Er bestonden geen significante verschollen in de concentraties van gesulfateerde

mucines tussen de verschillende typen verwekkers van VAP. De verhoogde con-

centratie van gesulfateerde mucines lijkt een gevolg van de ontsteking veroorzaakt

door de infectie, zoals recent ook is aangetoond in CF.
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De in hoofdstuk 1 beschreven resultaten laten zien dat afname van de speekselpro-
duclie bij beademde IC patienten slijmvlies beschadiging van de oropharynx in de
hand werkt. Parallel aan de toename in ernst van slijmvlies schade werd ppmo ko-
lonisatie waargenomen. Dit wijst op duidelijke achteruitgang in mechanische bar-
riere functie (nietspecifieke immuniteit) van de slijmvliezen van de oropharynx.
Daarnaast is uit eerder onderzoek gebleken dat ernstig zieke patienten tevens een
achteruitgang laten zien van de cellulaire immuniteit. Hierdoor kunnen herpesvi-
russen zoals cytomegalovirus (CMV) en herpes simplex virus (HSV), die latent in
het lichaam aanwezig zijn na een eerder doorgemaakte infectie, weer reactiveren.
Wanneer hiervan sprake is kan dit leiden tot een beschadiging van de slijmvliezen
van zowel de hogere als de lagere luchtwegen. In het geval van HSV kan dit een
ernstige gingivo-stomatitis, en of tracheobronchitis veroorzaken. CMV kan xerosto-
mie en zelfs een virale pneumonie veroorzaken. Deze herpesvirus infecties zijn
ook in verband gebracht met kolonisatie van de oropharynx door ppmo's.

De gegevens t.a.v. aard en omvang van herpes reactivatie bij IC patienten zijn
tegenstrijdig. Om een beter inzicht te krijgen in het belang van herpes virus reacti-
vatie werden twee prospectieve studies verricht. 1\vee typen IC patienten werden
bestudeerd. IC patienten die blootstaan aan kortdurende stress zoals patienten die
ci-ii elwtieve coronary-bypass operatie (CABG) ondergaan. Daarnaast werden IC
palienten met aanlunuiende stress bestudeerd, d.w.z. IC patienten die werden op-
genomen op de algemene intensive care met een indicatie voor mechanisch beade-
ming en een verwachte verblijfsduur van minimaal £en week.

In hoofdstuk 4 worden patienten die in aanmerking komen voor een electieve co-
ronary-bypass operatie (CABG) prospectief onderzocht op de aanwezigheid van
CMV reactivatie. Hiervoor werden bloed, speeksel en urine monsters onderzocht.
Zowel preoperatief als e£n en twee weken postoperatief. Naast het gebruik van
convcntionele viruskweken, serologisch onderzoek en monoclonale antistoffen ge-
richt tegen CMV (MoAb-anti CMV) werd gebruik gemaakt van gevoelige technie-
ken zoals Nucleic Acid Sequence-Based Amplification (NASBA) en de polymerase
chain reactie (PCR). Deze laatste twee zijn in staat om CMV-mRNA en -DNA aan
te tonen. Serologisch onderzoek werd nogmaals 2-3 maanden na de operatie her-
haald. Bii geen van de CMV seropositieve patienten werd een titer stijging in het
bloed waargenomen. ook niet na 2-3 maanden. In het speeksel en de urine werd
d.m.v. conventionele kweken, alsook met PCR geen CMV aangetroffen. Perifere
mononucleaire cellen (PBMCs) uit volbloed werden separaat geisoleerd en onder-
zocht op de aanwezigheid van CMV m.b.v. monoclonale antistoffen en PCR.



Som*nvottmf

Volbloed werd op de aanwezigheid van CMV getesi met behulp van NASRA en

PCR.

Zowel in PBMCs van CMV seropositieve alsook seronegatieve patienten went
met behulp van monoclonale antilichamen CMV waargenomen. Du kon echter
niet bevestigd worden door PCR. Ook in volbloed werden geen aanwijzingen ge-

vonden voor de aanwezigheid van CMV-mRNA en/of DNA. Hetgeen suggeiwrt

dat het waargenomen effect in de antigeen detectietest aspecifiek van aard is.

In Hoofdstuk 5 worden de resultaten van het onderzoek naar de .lanwe/.igheid
van CMV en/of HSV reactivate bij 1C patienten beschreven. Dezelfde lechnieken.
zoals aangegeven in hoofdstuk 4 werden gebruikt om CMV reactivate aan te
tonen. Voor het aantonen van HSV reactivate werd gebruik gemaakt van conventi-
onele viruskweken. serologisch onderzoek en PCR. Blued, urine en s|Ht>ksel wer-
den hiervoor onderzocht. Indien bij de/.e patienten een bronchoalveolaire l.tvage
(BAL) plaatsvond i.v.m de verdenking VAP werd de BAI. vloeistof tevens onder-
zocht op de aanwezigheid van CMV en HSV met behulp van convent ionele virus-
kweken.

Reactivatie van CMV of HSV werd aangetoond bu 19% (n-H) respectievelijk
28% (n-14) van de seropositieve patienten. Voornameliik septische patienten
hadrW»n ri*icn on vim« rjMrtivatip- h*»t Hl«»#»lf Hat ?**. van Ho»<»,n.iiinn»»n (»loinon

hadden van een CMV reactivatie terwijl 27% een HSV reactivate ondervond. CMV
reactivatie werd gedetecteerd na 15 dagen opname op de IC door de detectie van
mRNA en DNA in het bloed, terwijl de excretie van compleet virus in urine en
speeksel niet kon worden aangetoond. HSV werd gekweekt in speeksel en trachea
aspiraat 8 dagen na opname op de IC. Zowel bij patienten met een reactivatie van
CMV als HSV werd significant längere beademingsduur gevonden. vergeleken met
de patienten zonder tekenen van reactivatie. CMV en HSV reactivatie gingen ge-
paard met een längere beademingsduur (respectievelijk 23 versus 17 dagen) verge-
leken met patienten zonder reactivatie (respectievelijk 9 versus 7 dagen.
Serologisch waren er geen aanwijzingen voor een nieuwe CMV of HSV infectie.

Dit proefschrift bevat een aantal belangrijke bevindingen. Ten eerste wordt in
hoofdstuk 1 geconcludeerd dat achteruitgang van de slijmvliezen van de mond een
veel voorkomend probleem is bij beademde IC patienten. Dit resulteerde in ern-
stige mucositis en tegelijkertijd een toename van oropharyngeale kolonisatie met
ppmo. Hetgeen op zichzelf een risicofactor is voor de ontwikkeling van een VAP
door microaspiratie. De vraag is of achteruitgang van de slijmvliezen voorkomen
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kan worden? Op de IC wordt de mondverzorging toevertrouwd aan IC verpleeg-

kundigen die terecht nun aandacht richten op Problemen die de vitale functies be-

dreigen. Bovendien worden IC verpleegkundigen niet systematisch geschoold in

het vaststellen van slijmvlies veranderingen bij IC patienten. Bovendien zijn er

vaak geen richtlijnen voor de mondverzorging van deze patienten aanwezig.

Ondanks de/.e tekortkomingen spelen IC verpleegkundigen een belangrijke rol in

het voorkomen van de achteruitgang van de slijmvliezen.

Onderzoek heeft aangetoond dat wanneer IC verpleegkundigen voldoende wor-

den getraind en worden bijgestaan door een mondhygieniste zij in Staat zijn de

mucositis terug te dringen indien daarbij gebruik gemaakt wordt van een goed

mondvcr/.orgingsprotocol. Of dit ook de mate van kolonisatie door ppmo doet af-

nemen /aI verder bestudeerd moelen worden. De conclusie uit hoofdstuk 2 is dal

infectieuze parameters tijdens adequate antimicrobiele therapie van VAP met

name verbeteren gedurende eerste 6 dagen na het starten van de behandeling.

Ondanks adequate antimicrobiele therapie is er bij deze patienten sprake van blij-

vende of nieuwe oropharyngeale kolonisatie met gramnegatieve bacterien (GNB).

Dlt laatste werd vanaf de zesde dag na het starten van de antimicrobiele therapie

waargenomen. De nieuwe kolonisatie van GNB wordt o.a. veroorzaakt door selec-

tie druk door de gebruikte antibiotica. We stellen daarom ook voor een gerandomi-

seerde Studie te verrichten naar het effect van een kortere behandelingsduur van

VAP, d.w./.. 7 dagen i.p.v. 14-21 dagen op de nieuwe GNB kolonisatie van het tra-

chea secreet. Ook kan een dergelijke Studie bijdragen aan een afname van het aan-

tal bijwerkingen door antibiotica en kosten door antibiotica gebruik. In hoofdstuk

3 werd een toename van het gesulfateerde mucine gehalte in bronchoalveolaire la-

vago vlooistol waargenomen bij patienten met een VAP, zoals dit ook het geval is

in trachea secreet van patienten met de taai slijm ziekte. De toename van de gesul-

fateerde mucines berust waarschijnlijk op de ontsteking door de infectie.

Bovendien kan deze toename bijdragen aan een verminderde klaring van patho-

gene micro-organismen uit de diepere luchtwegen bij beademde IC patienten.

Gezien de/.e bevindingen is het interessant een Studie te verrichten naar het be-

loop van de gesulfateerde mucines in het tracheasecreet van IC patienten vanaf de

start van de beademing. En of een toename van de hoeveelheid gesulfateerde mu-

cines parallel loopt met een toename van de bacteriele kolonisatie van trachea se-

creot.

Hoofdstuk 4 stell het gebruik van immunocytology, de zogenaamde antigeen de-

tectietest. voor het aantonen van CMV reactivatie, zoals beschreven is door andere

onderzoekers, ter discussie. Uit ons onderzoek komt naar voren dat deze techniek
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te aspecifiek is voor het aantonen van CMV reactivatie. met name omdat de door

deze techniek aangetoonde CMV reactivatie niet bevestigd kon worden door ge-

bruik te maken van zeer gevoelige technieken zoals NASBA of PCR. Ook werd

geen stijging van de antistof titer van CMV waargenomen. Onze studio heeft laton

zien dat het onderzoek met monoklonale antilichamen gericht tegen CMV tout po-

sitief kan zijn en met grote voorzichtigheid moet worden geinterprvtoerd. Kecente

studies m.b.t. dit onderwerp moeten daarom met de nodige voorzichtigheid wor-

den geinterpreteerd.

Reactivatie van herpes virussen een veel voorkomend verschijnsel is bii im-

muungecompromiteerde patienten. zoals niertransplantatie patienten en pat ion-

ten met AIDS. De mogelijkheid van een HSV of CMV reactivatie bij ernstig zieke

intensive care patienten wordt echter zelden overwogen. omdat zij als Immuno-

competent worden beschouwd. De Studie, zoals beschreven in hoofdstuk 5. naar

HSV en CMV reactivatie in onze multidisciplinaire IC toont aan dat reactivatie van

zowel CMV als HSV optreed bij IC patienten. Met name bij septische intensive

care patienten werd CMV reactivatie frequent waargenomen. De vraag is of CMV

en HSV reactivatie bijdragen aan de mortaliteit van ernstig zieke IC patienteu. Dit

zal beantwoord moeten worden door toekomstige studies.
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List of abbreviations

BAL Bronchoalveolar lavage

BALF Bronchoalveolar lavage fluid

CABG Coronary bypass grafting

CF Cystic fibrosis

CFU Colony-forming units

CMV Cytomegalovirus

CPITN Community Periodontal Index of Treatment Needs

HSV Herpes simplex

PBMCs Peripheral blood mononuclear cells

PPMO Potentially pathogenic microorganisms

SSF Stimulated salivary flow

VAP Ventilator-associated pneumonia
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Dankwoord

De eerste steen voor dit proefschrift is gelegd vlak voor de afronding van mijn op-

leiding tot internist. Door de inbreng van Marc Bonten. met steun van professor

Hillen en professor Ramsay, kreeg ik de gelegenheid wetenschappoliik onder/.oek

te verrichten op een terrein binnen de interne geneeskunde wat mil altijd al aan-

sprak, de intensive care geneeskunde. Hiervoor ben ik hen nog altijd zeer dank-

baar. Het was Marc die mij begeleide tijdens mijn eerste onwennige kennisnuking

met het wetenschappelijk onderzoek. De samenwerking was vmchtbaar, in korte

tijd werden dne artikelen gepubliceerd. waarvan de belangri)ksto is opgcnomen in

dit proefschrift.

Ook was er tijd voor ontspanning. Onvergetelijke momenten waren de weekendjes

Gent met Marc Bonten. Jan van de Brande en Pieler van Paassen. Bedankt inngens.

Door het vertrek van Marc naar Utrecht kwam e.e.a. op losse schroeven te staan en

leek afronding van het proefschrift verder weg dan ooit.

Maar (oen kwam Andre van der Ven. Hij nam met verve de coaching over. Door

zijn inbreng werden diverse hordes genomen, bakens verzet en nog voor ik het in

de gaten had stond het proefschrift weer in de Steigers. Zijn daadkracht, optimisme

en vastberadenheid werkten besmettelijk en zorgden ervoor dat ik nooit mijn doel

uit het oog verloor. Altijd had hij een luisterend oor als het eens tegenz.it. In zijn

kleine kamertje, waar ik gebruik van mocht maken, werd intensief gediscussieerd.

Niet alleen over de voortgang en inhoud van het onderzoek, maar ook over zaken

die ons beiden bezig hielden. Beste Andre, bij deze mijn zeer grote dank.

De verandering van coach bracht met zieh mee dat een "virale poof in het onder-

zoek werd geintegreerd. Professor Cathrien Bruggeman wil ik bedanken omdat zij

zonder te aarzelen hiervoor haar laboratorium en knowhow ter beschikking stelde.

Het was Gert Grauls die mij wegwijs maakte op het research laboratorium en mij

met raad en daad bijstond. Samen hebben wij er met heel veel plezier een heel

glasservies doorheen gedraaid. Ook Rien Blök wil ik bedanken, hij was altijd be-

reid mijn manuscripten van het nodige commentaar te voorzien. Bovendien niet te

vergeten Martine Hulsbosch en Monique Coomans, die respectievelijk de CMV-

PCR en de bacteriologische kweken voor hun rekening namen. Jan Jacobs bedankt

voor het beschikbaar stellen van de broncho-alveolaire samples. Ook alle andere

medewerkers van het laboratorium Medische Microbiologie die ook maar op eniger-
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lei wijze aan het onderzoek hebben bijgedragen wil ik längs deze weg bedanken.
Jos Maessen en Paul Roekaerts wil ik ook bedanken, zij maakten het onderzoek op
de afdeling cardio-pulmonale Chirurgie mogelijk.

Hubert Niesters uit het Dijkzigt ziekenhuis te Rotterdam, bedankt voor het verrich-
ten van de HSV-PCR.

Kort na mijn kennismaking met Andre werd tevens contact gelegd met Enno
Veerman en professor Arie van Nieuw Amerongen van de afdeling Orale Bio-
chemie van de Vrije Universiteit. Al snel leidde dit tot een enthousiaste en con-
structieve samenwerking, waardoor het belang van speeksel en mucine als onder-
deel van de lokale afweer zijn weerslag kregen in dit proefschrift. Beiden wil ik
hiervoor hartelijk bedanken.

In dit kader moeten ook de mondhygienistes Mariel Vlasveld, Linka Lokker en
Sylvia Lieben genoemd worden. Zij waren ten alle tijde bereid om naast hun
drukke werk/.a<imheden intensive care patienten te onderzoeken op de aanwezig-
heid van mucositis. Ik wil hen dan ook bedanken voor de prettige samenwerking
en inzet.

Föns Kessels bedankt voor je statistische bijdrage, dankzij jou heb ik er iets van
leren begrijpen.

Karin Schroder bedankt voor de plastische weergave van bacterieen en virussen op
de omslag. Zij zijn nu eindelijk met het blote oog van elkaar te onderscheiden.
Uiteraard ben ik ook veel dank verschuldigd aan alle patienten en directe familie
die hun medewerking hebben verleend om dit onderzoek mogelijk te maken. Tot
slot zal duidelijk zijn dat «.lit onderzoek niet mogelijk was zonder de medewerking
van de verpleegkundigen en coördinatoren van de afdelingen D3, E3, F3, D5 en
C5. Zij waren altijd uitermate behulpzaam bij het afnemen van bloedmonsters en
kweken. Hartelijk dank.

En nu lieve Carla en my 4 fabulous girls, op naar het strand.
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Curriculum Vitae

De auteur van het proefschrift werd geboren op 10 juli 1960 te Nijmegen. Na

het behalen van het Atheneum-B diploma (Stedelijke Scholengemeenschap to

Nijmegen) ging hij studeren aan de Katholieke Universiteit te Nijmegen. Het eersto
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artsdiploma. Na de vervulling van zijn militair dienstplicht als kazernearts te

Schaarsbergen. werkte hij als arts-assistent interne geneeskunde in het Gemeenie

Ziekenhuis (thans Rijnstate Ziekenhuis) te Arnhem (opieider Or. I.M Werro). Ziin

opieiding tot internist nam een aanvang in 1992 in het de Wever/.iekenhuis (thans

Atrium Medisch Centrum) te Heerlen (opieider Dr. F.A.Th. Lustermans). en werd

afgerond in april 1998 in het Academisch Ziekenhuis Maastricht (opieider Prof. dr.

H.F.P. Hillen). Kort daarop volgde. in het/.elfde ziekenhuis. de opieiding tot intensi-

vist (opieider Prof.dr. G. Ramsay) en werd (evens aan do totstandkoming van dit

proefschrift gewerkt. Vanaf april 2000 is hij werkzaam als internist mtensivisi in

het Medisch Centrum Haaglanden, lokatie Westeinde te Den Haag.

Hij is getrauwd met Carla Blenke en heeft vier dochters, Josefien, Lisanne,
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