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Serum complement depression during viral lower
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SUMMARY Cystic fibrosis (CF) patients with viral lower respiratory tract illnesses (LRI) had
depressed levels of the third and fourth components of complement, which returned to normal after
recovery. There was no clinical evidence of immune complex disease. CF patients with LRI and no
virus isolates, CF patients in stable status, and non-CF patients with viral LRI did not have comple-
ment depression. It is postulated that antigen-antibody complex activation ofcomplement may occur
in CF patients with viral LRI.

Immune complex disease associated with serum
complement (C) depression has been recognized in
man during hepatitis type B and Epstein-Barr virus
infections, dengue virus haemorrhagic fever, and
subacute sclerosing panencephalitis (Oldstone, 1975).
Depression of complement has not been described in
other virus infections without associated immune
complex disease. We have found significant depres-
sions of the third (C3) and fourth (C4) components
of complement in cystic fibrosis (CF) patients with
acute viral respiratory disease.

Patients and methods

Patients. 8 CF patients were studied at the onset of
an acute lower respiratory tract illness (LRI) and at
follow-up after recovery. An LRI (either exacerba-
tion or first LRI) was determined by onset or
exacerbation of respiratory symptoms (cough and
sputum production) plus some, but not necessarily
all, of the following: lethargy, decreased appetite,
fever, shortness of breath, leucocytosis, and new lung
infiltrates seen on x-ray. Another group of 5 CF
patients was studied when they were stable with
regard to their pulmonary symptoms. The clinical
severity of all patients was evaluated by the NIH
scoring system (Taussig et al., 1973). Routine
bacteriological studies were done on all ofthese.

Thirteen non-CF patients, one year of age or
younger, who were in hospital for acute viral LRI
(croup, pneumonia, or bronchiolitis) were also
studied and compared to the CF patients.

Received 7 February 1977

Complement asys. Venous blood was collected,
transported in crushed ice to the laboratory,
centrifuged at 0°C, and serum stored at -700C.
Functional haemolytic assays of whole complement
(CH,.) and C4 were performed as previously
described (Mayer, 1961; Gaither et al., 1974). C3,
C5, and properdin factor B were measured by radial
immunodiffusion (Mancini et al., 1965). Statistical
analyses were done with the 2-tailed Student's t test.

Viral studies. Specimens of nasopharyngeal, throat,
and rectal swabs were inoculated in Hep-2, primary
monkey kidney, and WI-38 cell cultures and viral
isolates identified by standard techniques (Lennette
and Schmidt, 1969).

Results

CF patients. Clinical characteristics, severity scores,
and results of the studies in CF patients are given in
Table 1. 4 patients yielded viral agents during LRI
(group 1). The 3 patients under 6 months of age in
group 1 were studied during their first LRI and the
fourth was studied during an exacerbation. Infection
with cytomegalovirus (CMV) and echovirus type 5
was confirmed to have been recently acquired by
appropriate antibody studies. Case 1 had CMV
complement-fixing antibody titre of 1: 512 at the time
of the complement studies, 2 weeks into the acute
illness. In Case 3 echovirus type 5 neutralizing anti-
body titres rose from less than 1:8 to 1:120 in the
acute phase and convalescent phase sera. No viruses
were isolated from the remaining 4 patients with LRI
(group 2) or from those with stable pulmonary
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Table 1 Clinical features, complement levels, and culture results in CFpatients

Group 1 LRI,* virus positive Group 2 LRI, virus negative Group 3 stable status
(including follow-up) (including follow-up)

Case no. 1 2 3 4 5 6 7 8 9 10 11 12 13

Age (years) 5/12 5/12 5 3/12 11 i 2i 10/12 25 19 15 10 13
Sex M M M M F F M F F M F M F
Score
LRI 64 72 82 70 56 65 42 88 91 36 65 79 56
Follow-up 64 78 82 77 56 76 42 90

CH50
LRI 42 25 40 26 57 45 56 32 55 34 35 58 49
Follow-up 57 40 48 39 44 40 60 34

C4 functional units/ml (x 10-3)
LRI 86 117 231 194 496 417 414 353 382 380 441 693 364
Follow-up 255 245 622 267 448 390 366 255

C3 (,ug/ml)
LRI 1023 ND 1122 910 ND 1301 2283 1853 2028 1698 1673 2095 1725
Follow-up 1012 1314 1922 1553 1257 1107 2210 1289

CS (Ig/ml)
LRI 115 ND 119 71 ND 53 120 81 78 114 97 100 72
Follow-up 119 54 53 71 53 64 123 43

Factor B (mg/100 ml)
LRI 6-8 ND 40 18 ND 56 32 22 23 23 26 27 25
Follow-up 5 6 21 25 28 24 18 ND 15

Culture-virus Cyto- Para- Echovirus Para- Neg Neg Neg Neg Neg Neg Neg Neg ND
megalo- influenza type 5 influenza
virus type 3 type 1

Culture-
bacterialt S, P Dp, S, H Flu Kleb, S P, S P, S P No S, H Flu, P, S No P P

Kleb, P E. coil pathogens Strep pathogens

*LRI=lower respiratory tract illness.
tS=Staphylococcus aureus, coagulase positive; P=Pseudomonas aeruginosa; Dp= Diplococcus pneumoniae; Kleb =Klebskella pneumoniae;
H Flu= Haemophilus lnfluenzae; E. col = Escherlchla coli; Strep-B haemolytic streptococcus, group A.
ND =Not done.

disease (group 3) (see Table 1). In 3 of the 4 patients
in group 2 paired acute and convalescent phase sera
were examined for rises in titres of antibodies to
common respiratory viruses (influenza types A and
B, parainfluenza types 1, 2, and 3, respiratory
syncytial, and adenovirus group) and none were
found.
The clinical severity score and the bacterial patho-

gens in the respiratory tract of patients in group 1
were similar to those of groups 2 and 3. However, the
C4 and C3 values in group 1 were depressed when
compared to those in group 2 (C4 P<001; C3
P<0 05) and group 3 (P<0 001 for both C4 and C3)
(see Table 2). CH,0 levels were variable; the mean
value in group 1 was lower than in groups 2 and 3,
but not significantly so. All C5 levels were within
normal range and the mean values were similar in
the three groups. At follow-up 2 weeks to 5 months
later when the patients had completely recovered
from their LRI, the C4 levels in each patient in group
1 had increased to normal (Table 1) and C3 levels
had increased to normal in 2 of 3 patients studied
(Table 1); the mean level of C3 at follow-up was
higher than that during LRI (P<005). CH50 levels
also had risen in each patient in this group. In group
2, CH.0, C4, and C3 levels remained unchanged or
had fallen at follow-up.

Factor B levels were variable and low levels were
seen in one patient each in groups 1 and 2. In Case 1
(group 1) factor B was low during LRI and at
follow-up; in Case 6 (group 2) it was low during
LRI, but had increased to normal at follow-up.
No patient developed clinical evidence of immune

complex disease, such as joint or cutaneous involve-
ment, haematuria, or proteinuria.

Non-CF patients (group 4). They were 3-12 months of
age (mean 6 months). Clinical syndromes were croup
3, bronchiolitis 5, and pneumonia 5. Virus isolates
were 8 respiratory syncytial, 2 parainfluenza type 3,
1 cytomegalovirus, and 2 parainfluenza type 1. A
comparison ofcomplement levels in CF patients with
those in virus-positive non-CF patients is given in
Table 2. C4, C3, and CH50 levels were not very
different from those in groups 2 and 3 CF patients
and in the follow-up specimens of group 1 CF
patients. However, they were higher than those in
group 1 CF patients with LRI (P<0 001 for C4 and
C3; P<0 01 for CH,0; Table 2). C5 levels in the
non-CF patients were lower than those in group 1
CF patients with LRI (P<0 05) and in CF patients
with stable status (P<0-025). As in the CF patients,
there was no evidence of immune complex disease in
the non-CF patients.
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Table 2 Comparison of complement levels in CF and non-CFpatients

Complement levels (mean±SD)

Comparisons CH50 (units) C4 (functional units, C3 (tLg/ml) C5 (Og/ml) Factor B
x 10-s) (mg/100 ml)

(A) Group I
LRI 33 9:9 0) 157±67 1018+106 102±27 22±17

05<P<O*1 } 05<P<0 1 }P<0.05 -NS NS
F/U 46 0±8 4 347± 183 1450±333 81 ± 34J 20±10

(B) Group 2
LRI 47-5±11-7 420+59] 1812±493) 85±341 20+13

SNS SNS S.NS pNS ?NS
F/U 44-5±111J 365±81 J 1466±502J 71±36N 19± 5J

(C) During LRI
Group 1 33-3± 9-0) 157±671 1018±1067 102±277 22±17)

NS P<0 01 P<0 05 NS NS
Group 2 47-5±11-7 420±59) 1812+493J 85±34) 20±13)

(D) Comparison with
Group 4
Group I-LRI 33-9± 9-0 157± 67 1018±106 102±27 22±17

1P<0°01 }P<0.001 }P<0.001 }P<0.05 }NS
Group 4 56-0±19-4 333±143 1393±163N 67± 6' 23±5 S

}NS }NS }NS }NS }NS
Group 1-F/U 46-0± 8-4 347±183 1450±333 81 ±34 20±10

(E) Comparisons with
Group 3
Group l-LRI 33-9±9-0 157± 67 1018+106 102±27 27±17

LNS }P<0.001 }P<0.001 }NS NS
Group 3 46-2±11-2f 452±138 1843±202 92±17 25± 2

Group2-LRI INS I}NS I}NS }NS }NS
Group 2-LRI }475±11-7 420± 59 1812±443 85}}34 20±13

Normal range 35-50 250-600 1200-1800 50-120 12-30

NS=not significant. F/U=follow-up.

Discussion

The importance of bacterial pathogens in lower
respiratory tract illnesses of CF patients is well
known (Nadler et al., 1977). We have found multiple
bacterial pathogens in the respiratory tract of CF
patients with LRI and in stable status. But, viral
pathogens were isolated only from among patients
with LRI. This supports the preliminary findings of
other workers (Deforest et al., 1972) that viral agents
may cause LRIs in CF.

Several workers have studied serum complement
levels in CF patients. Most have found normal or
raised levels of C3 and C5 (Conover et al., 1973;
Hann et al., 1974; Polley and Bearn, 1974; Wallwork
et al., 1974). However, McFarlane et al. (1975) found
18 patients and 2 patients with depressed levels of
C3 and C4, respectively, among 40 patients studied,
but did not state whether the 2 with low C4 also had
low C3. They also presented evidence for immune
complex deposition in lungs in necropsy studies of
CF patients.

Because 3 of the 4 CF patients with viral LRI were
3 to 6 months of age, age-matched controls were
obtained, thereby avoiding the potential problems of

age-related complement depressions in the CF
patients. CH,., C4, and C3 levels in the CF patients
with viral LRI were significantly lower than the
comparable levels in the non-CF patients. At follow-
up, the levels in the CF patients had increased and
were no longer different from the control group. A
possible cause of such complement depression is
activation of the classical complement pathway,
though other possibilities, such as transient depres-
sions of complement synthesis or the presence of
inhibitors of complement action, have not been
eliminated. but seem less likely. Levels of factor B
were not consistently abnormal, indicating that the
properdin pathway was probably not involved in the
activation of C3. If complement was activated by
antigen-antibody complexes it is unlikely that these
complexes were in the systemic circulation since
there was no evidence for systemic immune complex
disease. Complement could have been activated by
complexes present only in the lungs. The finding of
immune complexes in the lungs by McFarlane et al.
is consistent with this hypothesis. One mechanism of
the pulmonary injury in CF patients may thus be an
immune complex deposition. It is possible that viral
antigens are somehow involved in this process, either
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by being the antigen in the immune complex
deposition or by producing an inflammatory process
which predisposes to the interaction of bacterial or
lung tissue antigen (Stein et al., 1964) with appro-
priate antibody. The difference between CF and
non-CF patients may, however, be only quantitative,
related to a larger viral antigenic mass in the CF
patient caused by inefficient clearance of infectious
agents.

Viral infection and complement depression were
found only in male CF patients. Because of the small
sample size, we do not believe that this necessarily
represents a sex-related phenomenon. The immune
system does not appear to be different in male and
female CF patients (Hann et al., 1974; Wallwork
et al., 1974). The raised C5 levels in CF patients is
consistent with other studies of complement in CF
patients (Conover et al., 1973; Hann et al., 1974).
The reason for these high levels is not known; it may
be an acute phase reactant.
The predominance of younger CF patients with

virus infection probably reflects the age-related
prevalence of such infections. Clinical severity scores
after recovery from LRI did not indicate discernable
sequelae after one virus infection. Longitudinal
studies, including detailed testing of lung function,
will be required to determine if repeated virus
infections produce progressive deterioration of lung
function. It is notable that the first episode of LRI in
3 young CF patients was caused by a viral infection.
Whether such early viral infections predispose to
subsequent bacterial infection and the development
of the chronic lung disease characteristic of CF
remains to be determined.
Although the number of patients in this study is

small, the complement depressions during acute viral
illnesses in CF patients were large and significant.
This is the first study of viral illness and associated
complement depressions in CF. Additional studies
will be required to extend these initial observations.
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