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Chapter 6 

Abstract 

Background: Understanding the factors that influence early symptom recovery in patients 
with community-acquired pneumonia (CAP) might support treatment decisions and is 
important when informing patients about what they can expect during and after the pneumonia 
episode. 
Methods: In 165 adults with a mild to moderate-severe CAP we examined patient and disease 
characteristics as potential predictors of symptom recovery at day 3 and, in responding 
patients, at day 28 after the pneumonia diagnosis. Absolute recovery was defined as the 
difference between the CAP-score (a validated symptom score) at day 0, and the CAP score at 
day 3 and day 28, respectively. Relative recovery was defined as the absolute recovery relative 
to the difference between the pre-pneumonia CAP score and the CAP score at day 0. 
Results: Age was the only significant determinant of the pre-pneumonia CAP-score. A lower 
pre-pneumonia CAP-score (i.e. having more symptoms) was identified as significant predictor 
of symptom severity on admission. In a multivariable analysis, patients with low CAP scores 
on admission and low plasma sodium showed a significantly better absolute recovery after 3 
days. Low pre-pneumonia and admission scores were significant predictors of relative 
recovery within three days. Variables used were unable to predict relative recovery within 28 
days, except that non-smokers showed a better recovery than smokers. 
Conclusions: Older patients tend to have more symptoms before the pneumonia episode. Low 
pre-pneumonia and admission scores positively influence the speed of early recovery, 
therefore older and/or more symptomatic patients do not need more time to regain their 
previous health. 
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Introduction 

Community-acquired pneumonia (CAP) is a one of the most common infectious diseases, with 
an incidence of 5 to 11 cases per 1000 adults per year, of whom 22% to 42% are admitted to 
the hospital '. The time required to reach clinical stability as defined by vital signs, and the 
factors associated with early clinical failure have been studied in several large cohorts "" . A 
high pneumonia severity index 5, multilobar pneumonia, and discordant antimicrobial therapy 
have consistently been associated with early failure :"4. However, the determinants of recovery 
of disease related symptoms have been less studied. 
Pneumonia related symptoms can persist for several weeks, even after successful treatment 
". Even at 90 days the prevalence of pneumonia related symptoms was still substantial . The 
symptom level beyond 28 days is more likely to depend on the patient's age and pre-existent 
comorbidity than on the persistent effects of pneumonia itself 12. Understanding the factors 
that influence early recovery in patients with CAP helps us to better understand the natural 
history of CAP. This could support treatment decisions, for instance regarding the duration of 
antibiotic therapy '3 and the decision when to discharge patients from the hospital, and it could 
be helpful when informing patients about what they can expect during and after the pneumonia 
episode. Young age, absence of asthma or chronic obstructive pulmonary disease (COPD), 
and levofloxacin treatment have previously been identified as predictors of complete symptom 
resolution after 6 weeks 8, and those with more severe symptoms at presentation had a slower 
resolution of symptoms 9. None of the previous studies assessed symptom resolution by fully 
validated measures 6"'' and the pre-pneumonia status was often not taken into account "' . 
We have examined the role of patient and disease characteristics as predictors of symptom 
recovery at day 3 and at day 28 after the pneumonia diagnosis, using a validated patient-based 
outcome measure and taking the pre-pneumonia status into account . As the pre-pneumonia 
status and symptom severity on admission can probably influence the rate of symptom 
recovery, we also identified determinants of pre-pneumonia and admission symptom severity. 

Methods 

Patients 
This study was designed as part of a randomized trial comparing two durations of treatment of 
CAP in adults. That study is reported in detail elsewhere '5. Eligibility for the trial was based 
on the following criteria: temperature > 38°C, clinical signs of pneumonia, a new infiltrate on 
the chest radiograph, and a pneumonia severity index (PS1) of <110 5. Patients with effective 
antibiotic treatment for longer than 24 hours prior to admission or with another infection 
necessitating antibiotic treatment, and patients with an inadequate cognitive state were 
excluded from the study. 
Consenting patients with CAP who met the inclusion criteria were treated with an intravenous 
B-lactam antibiotic. After three days patients with significant clinical improvement were 
randomized to either 5 days placebo or 5 days oral amoxicillin. All randomized patients were 
followed for at least 28 days after the initiation of antibiotic treatment. The study was 
approved by the Medical Ethical Committees of the participating hospitals. 
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Data collection 
Baseline data were collected on all patients at the day of enrolment. These included 
demographic characteristics, comorbidity, a complete physical examination, and blood and 
sputum cultures. At baseline and at day 28 serum was collected for determination of 
antibodies against respiratory viruses and atypical respiratory pathogens. At baseline a chest 
radiograph was performed. 
Pneumonia related symptoms were scored using the CAP-score '4, on admission and at day 3, 
10, 14, and 28. The pre-pneumonia CAP-score (30 days before admission) was established 
retrospectively at the time of admission. The CAP-score has been developed to evaluate the 
course of pneumonia related symptoms in hospitalized patients with mild to moderate-severe 
CAP. The CAP-score is a fully validated 8-item questionnaire, based on respiratory symptoms 
(the presence and severity of dyspnoea, coughing, coughing up sputum, coughing up sputum 
with ease, the colour of sputum) and on wellbeing symptoms (fitness and the general state of 
health). Low values indicate more severe symptoms. 

Potential predictors of symptom severity and symptom recovery 
The following variables were evaluated as potential predictors of symptom severity on 
admission and of symptom recovery during follow-up: gender, age, co-morbid illness (COPD, 
cardiovascular disease, malignancy or diabetes mellitus), smoking, the pneumonia severity 
index (PSI) 3, the pre-pneumonia CAP score, the CAP score at admission (for symptom 
recovery during follow-up), respiratory rate, body temperature, White Blood Cell (WBC) 
count, arterial Oi saturation, C-reactive protein (CRP), plasma sodium and glucose 
concentration, presence or absence of bilateral infiltrates or pleural effusion on the chest 
radiograph, and whether or not a respiratory pathogen was isolated. 
As determinants of the pre-pneumonia status the following features were examined: gender, 
age, co-morbid illness, and smoking. 

Analysis 
Recovery during the first 3 days was assessed for all included patients (n=165). Recovery 
during a follow-up period of 28 days was assessed for patients responding to the initially 
instituted therapy, i.e. patients with significant clinical improvement after 3 days. 
We defined two types of recovery. Absolute recovery was defined as the difference between 
the CAP-score at day 0, and the CAP score at day 3 and day 28, respectively. Absolute 
recovery measures symptom resolution after the pneumonia diagnosis. As absolute recovery 
does not take the pre-pneumonia status into account, we also analyzed relative recovery, 
defined as the absolute recovery relative to the difference between the pre-pneumonia CAP 
score and the CAP score at day 0. 

Statistical analysis 
Demographic characteristics were summarized with descriptive statistics. Groups were 
compared using a %' test or Fisher's exact test, the t-test, or the Mann-Whitney test, where 
appropriate. Associations between the patient and diseases characteristics, and the pre-
pneumonia symptom score, the symptom score on admission, and the absolute or relative 
recovery at day 3 and 28 were tested for significance with the Mann-Whitney test for 
dichotomous variables or the Spearman's correlation test for continuous variables. The level 
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of significance was set at 0.05. Variables significantly associated with the pre-pneumonia 
symptom score, the symptom score on admission and with absolute or relative recovery were 
entered in a multivariable regression model. 
Multivariable analyses were stratified for age and comorbidity by running different regression 
models for young patients (with and without comorbidity) and older patients (with and without 
comorbidity). 

Table 1 Baseline and disease characteristics 

Characteristics 
Gender, n (%) 

Male 
Female 

Age, years 
Median (IQR) 

Underlying disease, n (%)* 
COPD 
Diabetes mellitus 

Cardiovascular disease 
Smoking, n (%) 
PS1 score 

Median (IQR) 
CAP-score pre-pneumonia 

Median (IQR) 
CAP-score at presentation 

Median (IQR) 
Respiratory rate, rpm 

Median (IQR) 
Temperature, C 

Median (IQR) 
White Blood Cell count, xl0E9/L 

Median (IQR) 
Arterial O2 saturation, % 

Median (IQR) 
C-reactive protein, mg/L 

Median (IQR) 
Plasma Sodium, mmol/L 

Median (IQR) 
Plasma Glucose, mmol/L 

Median (IQR) 
X-ray findings, n (%) 

Unilateral infiltrate 
Single lobe 
Pleura-effusion 

Detected pathogen at study entry, n (%) 
S. pneumoniae 

97(59) 
68(41) 

56(40-72) 
105(64) 
41 (27) 
20(13) 
34 (22) 
63(41) 

66(49-82) 

84 (62-96) 

30(16-53) 

20(10-25) 

39 (38-40) 

16(12-20) 

95 (95-97) 

192 (76-296) 

136(133-138) 

7 (6-9) 

142(89) 
128(81) 
12(8) 

64 (39) 
44 (27) 

COPD, chronic obstructive pulmonary disease. PS1, Pneumonia severity index3. CAP-score, community-acquired 

pneumonia score . * some patients had more than one underlying disease. 

83 



Chapter 6 

Results 

Baseline characteristics 

Between November 2000 and July 2003 186 patients were enrolled in the trial. 19 patients 
withdrew their consent within three days and two patients were withdrawn from the study 
because of protocol violations. The demographic characteristics and clinical variables of the 
remaining 165 patients are presented in table 1. We recruited 97 men (59%) and 68 women 
(41%), with a median age of 56 (IQR: 40 to 72) years. A subset of 46 patients were not 
randomized after three days, mainly (n=41) because they had not improved sufficiently after 
three days. The baseline characteristics of those that showed substantial clinical response after 
three days and those with non-response are comparable (data not shown). The CAP scores 
before the pneumonia episode and during follow-up are shown in figure 1. 

Determinants of the pre-pneumonia symptom score 
Age, comorbidity and the interaction between age and comorbidity were each significantly 
associated with the CAP-score at the pre-pneumonia level (table 2). Older patients and patients 
with comorbidity had more pre-pneumonia symptoms. In the multivariable analysis age was 
the only significant determinant of the pre-pneumonia CAP-score. 

Predictors of symptom severity on admission 
The following variables were significantly associated with symptom severity on admission: a 
lower pre-pneumonia CAP-score, the detection of a causative pathogen and plasma glucose 
(table 2). 
In the multivariable model a lower pre-pneumonia CAP-score was identified as significant 
predictor of symptom severity on admission. As older patients and patients with comorbidity 
were both found to have more pre-pneumonia symptoms, we looked into young (< 56 years) 
and old patients (> 56 years), and patients with or without comorbidity separately. Only in old 
patients and in patients with comorbidity the pre-pneumonia CAP-score and the detection of a 
pathogen were found to be associated with symptom severity on admission. 

Predictors of absolute recovery within 3 days 
Gender, the CAP-score at admission and plasma sodium were significantly associated with 
absolute recovery within 3 days (table 2). In the multivariable model the CAP-score on 
admission and plasma sodium were identified as significant predictors of absolute recovery: 
patients with a low admission CAP score or a low plasma sodium showed more improvement 
after 3 days. 

Relative recovery within 3 days 
The median relative recovery was 31% (IQR 0 to 70%) after 3 days: patients regained 31% of 
the difference between the pre-pneumonia CAP score and the CAP score on admission. 
Gender, comorbidity, the PSI score, the pre-pneumonia CAP-score, and the CAP-score on 
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Table 2 Associations between patients' 
recovery 

Variables 

Gender, 
Male 
Female 

Age, 
<56 
>56 

Comorbidity, 
Yes 
No 

Elderly with eomorbidity, 
Yes 
No 

Smoking, 
Yes 
No 

Pleural effusion , 
Yes 
No 

X-ray findings, n (%) 
Unilateral infiltrate 
bilateral 

PSI score 
<66 
>66 

CAP-score pre-pneumonia 
<84 
>84 

CAP-score at presentation 
<30 
>30 

Respiratory rate, rpm 
<20 
>20 

Temperature, C 
<38.8 
>38.8 

White Blood Cell count, x!0E9/L 
<16 
>16 

Arterial 0 : saturation 
<95 
>95 

C-reactive protein, (mg/L) 
<192 
>I92 

Plasma Sodium. mmol/L 
<I36 
>136 

Plasma Glucose, mmol/L 
<7 
>7 

Detected Pathogen, 
Yes 
No 

CAP-score 

pre-

pneumonia 

85 
84 

95 
73°° 

73 
96** 

66 
96** 

84 
84 

CAP-score at 

presentation 

28 
31 

28 
30 

27 
34 

29 
33 

24 
32 

34 
30 

'1 
18 

30 
30 

22 
33° 

30 
30 

32 
27 

32 
28 

31 
32 

32 
27 

29 
32 

27 
41° 

19 
35** 

characteristics, CAP 

Absolute 

recovery at 

day 3 

12 
8* 

15 
10 

12 
11 

11 
15 

15 
11 

18 
12 

12 
14 

II 
12 

11 
12 

18 
7oo 

20 
11 

9 
17 

10 
15 

12 
11 

1 1 
14 

17 
11° 

12 
11 

10 
12 

Absolute 

recovery at 

day 28 

37 
28 

49 
27° 

32 
40 

26 
50* 

32 
36 

28 
34 

33 
60 

40 
31 

25 
45° 

61 
2 2 " 

32 
35 

26 
47° 

34 
34 

25 
47 

34 
38 

37 
32 

36 
32 

35 
33 

score and 

Relative 

recovery 

day 3 

41 
15** 

29 
38 

30 
22* 

42 
29 

32 
35 

46 
30 

29 
62 

20 
41° 

56 
26°° 

42 
19°° 

41 
26 

19 
38 

24 
40 

34 
28 

34 
29 

39 
29 

34 
30 

30 
32 

symptom 

at 

Relative 

recovery 

at day 28 

92 
65 

89 
79 

86 
87 

73 
84 

71 
100* 

66 
88 

88 
80 

84 
91 

92 
86 

97 
77 

84 
86 

71 
100 

84 
91 

75 
93 

89 
82 

87 
90 

86 
85 

97 
83 

The continuous patient variables were dichotomized around the median. The CAP scores, absolute and relative 

recovery are reported as medians. Associations between the patients' characteristics, and the CAP scores and the 

absolute or relative recovery at day 3 and 28 were tested for significance with the Mann-Whitney test for 

dichotomous variables or the Spearman's correlation test for continuous variables. * and **: Mann-Whitney test 

significant at 0.05 and 0.01 level respectively. ° and °°: Spearman correlation test significant at 0.05 and 0.01 

level respectively. 
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admission were significantly associated with relative recovery (table 2). In the multivariable 
model the pre-pneumonia CAP-score and the CAP-score at admission were predictors of 
relative recovery: patients with a lower pre-pneumonia CAP-score and a lower admission 
CAP-score had a better relative recovery than patients with higher scores. 

Predictors of absolute and relative recovery within 28 days, in the randomized group 

In the multivariable model, the pre-pneumonia CAP-score and the CAP-score at day 0 were 
identified as significant predictors of absolute recovery at 28 days: patients with high pre-
pneumonia or low admission scores showed more improvement than patients with low pre-
pneumonia and high admission scores. The median relative recovery after 28 days was 86% 
(IQR 40-115%). None of the variables we analyzed was associated with relative recovery 
within 28 days, except for smoking: non-smokers had a better relative recovery. 

CAP score 

:20 

100 -

60 

40 

-20 

Day -30 Day 0 

142 107 

Day 3 Day 28 

Figure 1 CAP-score before the pneumonia episode and during follow-up 
The CAP-score14 expressed as medians, interquartile ranges, and 10lh/ 90'h percentiles. Day -30 represents the 
pre-pneumonia level, day 0 is the day of starting antibiotic treatment and day 28 is the end of follow-up. 

86 



Determinants of Early Symptom Recovery in CAP 

Discussion 

In this prospective study we identified predictors of symptom severity and symptom recovery. 
Using a validated patient-based symptom score we found that variation in the pre-pneumonia 
status is to some extent determined by age: older patients have more symptoms. A low pre-
pneumonia CAP-score and the presence of a pathogen were associated with a more severe 
presentation of pneumonia in older patients and in patients with comorbidity. 
Patients with a low CAP-score on admission and low plasma sodium were those with a better 
absolute recovery within 3 days. In the absolute recovery we left the pre-pneumonia level of 
the patients out of consideration. When evaluating relative recovery during the first 3 days, we 
noticed that patients with low pre-pneumonia and admission scores regained their loss of 
condition relatively faster than the patients with higher scores. 
A higher pre-pneumonia CAP-score and a lower CAP-score at day 0 were identified as 
significant predictors of absolute recovery within 28 days in patients who responded well to 
the initial therapy. A high pre-pneumonia CAP score and a low admission score imply that 
there is simply more to regain, and relative recovery is therefore perhaps more informative. 
Indeed, the variables we used were unable to predict the relative recovery within 28 days in 
those patients, except for smoking: non-smokers regained a higher percentage of their pre-
pneumonia status than smokers. 

The present study has a number of potential limitations. The findings can not be generalized to 
all patients with CAP, as the patients enrolled in this study were hospitalized patients with a 
mild to moderate-severe CAP. Relative recovery was determined by taking the pre-pneumonia 
status into consideration, established retrospectively at the time of admission. This method 
may be subject to recall bias and can result in an under- or overestimation of the pre-
pneumonia symptoms. We feel that the return of the average CAP scores to their pre-
pneumonia level suggests that patients can reliably score their symptoms in retrospect ^. 
Finally, as a consequence of the study design CAP related symptoms were not evaluated after 
the third day in the non-randomized population, i.e. those not responding to therapy. We are 
therefore not informed about the recovery period between 3 and 28 days of follow-up in 
patients who had not substantially improved after three days of antibiotic therapy. As the 
primary predictor of recovery during the first three days in both groups was the CAP-score on 
admission (data not shown), it is likely that the predictors of recovery during the first 28 days 
are also comparable for both groups, but a slower recovery due to an initial slow response 
and/or later institution of adequate therapy is not excluded. 

Published data on determinants of symptom severity at admission in patients with pneumonia 
are scarce. One study demonstrated that respiratory and non-respiratory symptoms are less 
often reported by older patients with pneumonia, suggesting lower severity of symptoms in 
this age group 16. The symptom severity on admission in our study patients was predicted by 
the pre-pneumonia CAP-score, and age was the main determinant of the pre-pneumonia CAP-
score. We hypothesized that age might therefore be an indirect predictor of symptom severity 
on admission. However, the symptom score on admission did not differ between the younger 
and elderly patients: the CAP-score was 28 versus 30 points respectively, so the symptoms in 
older patients are as pronounced as in younger patients. Detection of a pathogen also predicted 
symptom severity in the group of older patients or those with comorbidity. As S. pneumoniae 
was the most frequently detected pathogen '5, this may mean that pneumococcal pneumonia 
causes more symptoms than other or unknown pathogens. Alternatively, detection could be 
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easier when the microbial load is high, and therefore the observation of more severe symptoms 
in case of detection of a pathogen may reflect a higher load of microorganisms. 

Previous studies identified young age, absence of asthma or chronic obstructive pulmonary 
disease (COPD), levofloxacin treatment and having less severe symptoms at presentation as 
predictors of early symptom resolution 8'9. These studies did not assess symptom resolution by 
fully validated measures, and the pre-pneumonia status was not taken into account .When 
taking the pre-pneumonia status into consideration, we found that patients with lower pre-
pneumonia and admission scores had a better early recovery. This finding may appear 
paradoxical. At any rate, it refutes the impression that older and/or more symptomatic patients 
will need more time to recover, which was also true for recovery after 28 days. Although 
patients with a detected pathogen had significantly lower scores on admission than patients 
without a detected pathogen, relative recovery was not influenced by aetiology. This is 
supported by one study in which the rate of symptom resolution in pneumonia caused by 
atypical agents and in pneumonia with undetermined aetiology appeared to be comparable '7. 
In conclusion, older patients tend to have a more severe pre-pneumonia status, and the pre-
pneumonia status is an important determinant of the pneumonia episode. However, low pre-
pneumonia and admission scores positively influence the speed of early recovery, and 
recovery at 28 days is not influenced by pre-pneumonia or admission scores at all. Therefore, 
older and/or more symptomatic patients will not need more time to regain their previous 
health. Consequently, the duration of antimicrobial therapy should probably not be guided by 
such patient and disease parameters on admission 13. 

SK 



Determinants of Early Symptom Recovery in CAP 

Reference List 

(1) BTS Guidelines for the Management of Community Acquired Pneumonia in Adults. 
Thorax 2001; 56 Suppl 4:IVl-64. 

(2) Halm EA, Fine MJ, Marrie TJ, Coley CM, Kapoor WN, Obrosky DS et al. Time to 
clinical stability in patients hospitalized with community-acquired pneumonia: 
implications for practice guidelines. JAMA 1998; 279(18):1452-1457. 

(3) Menendez R, Torres A, Rodriguez dC, Zalacain R, Aspa J, Martin Villasclaras JJ et al. 
Reaching stability in community-acquired pneumonia: the effects of the severity of 
disease, treatment, and the characteristics of patients. Clin Infect Dis 2004; 
39(12):I783-1790. 

(4) Roson B, Carratala J, Fernandez-Sabe N, Tubau F, Manresa F, Gudiol F. Causes and 
factors associated with early failure in hospitalized patients with community-acquired 
pneumonia. Arch Intern Med 2004; 164(5):502-508. 

(5) Fine MJ, Auble TE, Yealy DM, Hanusa BH, Weissfeld LA, Singer DE et al. A 
prediction rule to identify low-risk patients with community-acquired pneumonia. N 
Engl J Med 1997; 336(4):243-250. 

(6) Fine MJ, Stone RA, Singer DE, Coley CM, Marrie TJ, Lave JR et al. Processes and 
outcomes of care for patients with community-acquired pneumonia: results from the 
Pneumonia Patient Outcomes Research Team (PORT) cohort study. Arch Intern Med 
1999; 159(9):970-980. 

(7) Marrie TJ. Normal resolution of community-acquired pneumonia. Semin Respir Infect 
1992; 7(4):256-270. 

(8) Marrie TJ, Lau CY, Wheeler SL, Wong CJ, Feagan BG. Predictors of symptom 
resolution in patients with community-acquired pneumonia. Clin Infect Dis 2000; 
31(6):1362-1367. 

(9) Marrie TJ, Beecroft MD, Herman-Gnjidic Z. Resolution of symptoms in patients with 
community-acquired pneumonia treated on an ambulatory basis. J Infect 2004; 
49(4):302-309. 

(10) Metlay JP, Fine MJ, Schulz R, Marrie TJ, Coley CM, Kapoor WN et al. Measuring 
symptomatic and functional recovery in patients with community-acquired pneumonia. 
J Gen Intern Med 1997; 12(7):423-430. 

(11) Metlay JP, Atlas SJ, Borowsky LH, Singer DE. Time course of symptom resolution in 
patients with community-acquired pneumonia. Respir Med 1998; 92(9): 1137-1142. 

(12) El Moussaoui R, Opmeer BC, De Borgie CAJM, Nieuwkerk P, Lettinga KD, Bossuyt 
PMM et al. Long-term symptom recovery and Health-Related Quality of Life in 
patients with community-acquired pneumonia. Submitted. In press 2005. 

(13) Niederman MS. Understanding the natural history of community-acquired pneumonia 
resolution: vital information for optimizing duration of therapy. Clin Infect Dis 2004; 
39(12):1791-1793. 

89 



Chapter 6 

(14) El Moussaoui R, Opmeer BC, Bossuyt PM, Speelman P, de Borgie CA, Prins JM. 
Development and validation of a short questionnaire in community acquired 
pneumonia. Thorax 2004; 59(7):591-595. 

(15) El Moussaoui R., de Borgie CA, van den BP, Hustinx WN, Bresser P, van den Berk 
GE et al. Effectiveness of discontinuing antibiotic treatment after three days versus 
eight days in mild to moderate-severe community acquired pneumonia: randomised, 
double blind study. BMJ 2006; 332(7554):1355. 

(16) Metlay JP, Schulz R, Li YH, Singer DE, Marrie TJ, Coley CM et al. Influence of age 
on symptoms at presentation in patients with community-acquired pneumonia. Arch 
Intern Med 1997; 157(13):1453-1459. 

(17) Marrie TJ, Peeling RW, Fine MJ, Singer DE, Coley CM, Kapoor WN. Ambulatory 
patients with community-acquired pneumonia: the frequency of atypical agents and 
clinical course. Am J Med 1996; 101 (5):508-515. 

90 


