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SUMMARY. Since 1995, the epidemic of mycoplasmal conjunctivitis in eastern house
finches has affected the Auburn, AL, house finch population. To better characrerize the
current status of this host—parasite interaction, we established a captive flock of 38 seroneg-
ative, healthy finches in fall 1998. Afrer a minimum quarantine period of 4 wk, two Myeo-
plasma gallisepticum (MG)-infected house finches were introduced into this flock. Over a 12-
wk period, the flock was caprured every 2 wk and each bird was observed for conjunctiviris.
Blood and choanal swabs were collected from each bird for serologic analysis and for the
detection of MG by polymerase chain reaction. The infection spread rapidly through the
flock just as it had in a similar study petformed in 1996 at the height of the epidemic.
Unlike the earlier study in which birds remained chronically infected, most of the birds in
our study recovered rapidly, and only three of the birds died during the study. Two patterns
of host response to infection with MG were observed. Twenty-seven birds (73%) experienced
an acute conjunctivitis that resolved, and the birds appeated 1o clear the infection. Ten birds
(27%) suffered prolonged clinical discase, and MG could be detected in these birds inter-
mittently throughout the experiment. These results, in conjunction with our surveys of MG
in the wild population, suggest an evolving host—parasite interaction.

RESUMEN. Caracteristicas de la infeccién por Mycoplasma gallisepticum en frailecillos
o gorriones (Capodacus mexicanus) on cautiverio en 1998.

Desde 1995 una conjuntivitis causada por Mycoplasma en los frailecillos 6 gorriones (Ca-
podacus mexicanus) del este ha afectade la poblacién de frailecillos en Auburn, Alabama. Con
el fin de entender mejor la relacién hiiesped parisito se establecié una parvada de 38 frai-
lecillos sanos en cautiverio en el otofio de 1998, Después de un periodo de cuarentena de 4
semanas se introdujeron a la parvada dos frailecilios infectados con Mycoplasma gallisepiicum.
Durante un periodo de 12 semanas [a parvada fue capturada cada dos semanas y se observo
cada ave para la presencia de conjuntivitis. Se tomaron muestras de sangre ¢ hisopos coanales
para andlisis serologico y deteccion de M. gallisepticum por medio de la reaccion en cadena
por la polimerasa. La infeccion se propagé rapidamente a través de toda la parvada de manera
similar a como se habia propagado en un estudio realizado durante una epidemia ocurrida
en 1996. A diferencia de este estudio temprano donde las aves permanecieron infectadas
crénicamente las aves de este estudio se recuperaron répidamente y sélamente tres de ellas
murieron. Se observaron dos patrones de respuesta a la infeccién de M. gallisaepricum. Se
observé una conjunctivitis aguda en 27 aves (73%) de la cual las aves se recuperaron. Diez
aves suftieron una enfermedad cronica y el M. gallisepticum se pudo detectar en estas aves
de forma intermitente a través del experimento. Estos resultados junto con los resultados de
encuestas para M. gallisepticum en poblaciones silvestres, sugieren una interaccién huésped-
pardsito cambiante o evolucionante.
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Abbreviations: MG = Mycoplasma gallisepticum; PCR = polymerase chain reaction; SPA
= serum plate agglutination
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Since 1994, an epidemic of mycoplasmal
conjunctivitis has spread throughout the eastern
population of the house finch (Carpodacus mex-
icanus) in the United States (3,4). Prior to
1994, the causative agent of this epidemic, My-
coplasma gallisepticum (MG), had not been iso-
lated from this passerine species, suggesting that
this is a new host—parasite relationship. In the
carly years of this epidemic, the infection was
associated with high mortality in both wild and
captive birds. From 1996 to 1997, the disease
was estimated to have reduced the eastern pop-
ulation by at least 20% (12,15). In 1996, the
infection spread rapidly through a captive flock
in Georgia, causing serious disease and high
mortalicy (9). Similarly, captive house finches
housed at the Auburn University aviary in 1996
and 1997 expetienced high mortality due to
MG conjunctivitis (1).

More recent analysis of the epidemiology of
this infection in the wild population suggests
that this host—parasite relationship is changing.
Recent results from field studies in the south-
eastern United States document reduced prev-
alence of conjunctivitis in the wild population
(14), In Auburn, AL, the yearly prevalence of
disease has remained constant, with approxi-
mately 2%-4% of observed birds affected, al-
though the prevalence of clinically ill birds ob-
served during the seasonal peak of conjuncti-
vitis in the late summer and early fall has de-
clined from a high of about 60% in 1996 to
20% in 1998 (14).

To develop a better understanding of the cur-
rent situation, we analyzed the spread of MG
infection through a captive flock established in
late summer 1998. The course of clinical dis-
ease, serologic response to MG, and infection
were monitored in individual birds. In light of
the changing epidemiologic patterns observed
in the wild, the objective of this study was to
determine whether the characteristics of the in-
fection and disease had changed since the ear-
lier study of infection in captive house finches
reported by Luccrell ez 2. (9).

MATERIALS AND METHODS

Birds. Hatch-year house finches were captured
with wire-mesh basket traps at feeding stations in Lee
County, AL, during August 1998. All collecting was
conducted under permits from the Alabama Depart-
ment of Conservation (Montgomery, AL, no. 60) and

the Law Enforcement Office of the United States Fish
and Wildlife Service (Southeast Regional Office, Ar-
lanta, GA, MB784373-1). All procedures involving
live animals were reviewed and approved by the Au-
burn University JACUC (PRN 0111R2093). The
birds were bled at capture by brachial venipuncture.
The blood was separated by centrifugation and stored
at 4 C until tested. Thirty-eight seronegarive hatch-
year birds with no evidence of clinical MG infection
were quarantined in an outdoor flight cage (4.5 m
wide by 4.0 m long by 2.4 m high) at the Auburn
University aviary. Feed and warer were supplied «d
libitum. The diet of mixed red and white millet and
sunflower seed was supplemented with vitamins and
grit. Fresh water, supplemented with sulfadimetho-
xine (0.125 g/liter) to suppress development of coc-
cidiosis (1), was provided in bowls that were cleaned
daily. The birds were quarantined for a minimum of
4 wk before two seropositive birds that had been
housed in a different location at the Auburn Univer-
sity aviary were inadvertently introduced into the
quarantined flock. These birds were from a large flock
of female house finches thar had been housed at the
aviary since the previous fall and had experienced an
outbreak of MG. At the time of introducrion, both
of these birds were clinically normal. Once conjunc-
tivitis was noted in the flock, all birds were captured,
examined, swabbed, and bled. All birds were caught
and sampled in this manner every 2 wk from mid-
September through the first week of December 1998.
The flock was held in captivity through the winter
and caprured for a final sample in the third week of
March 1999.

Lesion scoring. The severity of disease was
scored with the following scale: 0 = eye appeared
entirely normal; 1 = minor swelling around the eye;
2 = moderate swelling around the eye, with eversion
of the conjuncriva and lachrymal secretion present; 3
= severe swelling, with the eye nearly closed by swell-
ing and/or crusting of the secretions.

Serology. The serum was tested for MG-specific
antibodies by the serum plate agglutination (SPA) as-
say (6,8). The degree of agglutination of each sample
was scored on a scale of 0—4, and a score of 2 or
greater was consideted positive.

Detection of MG. The choanal cleft of each bird
was swabbed for the detection of MG DNA by poly-
merase chain reaction (PCR). If the conjunctiva or
eyelid was swollen, the conjuncrtiva was also swabbed.
MG DNA was amplified from the material on the
swab with MG-specific primers as described previ-
ously (7).

Statistical analysis. The average durations of
clinical disease and infection were analyzed by the
Student paired #test (P-value of =0.05), and mor-
rality was analyzed by chi-square analysis {P-value of
=0.05).
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Fig. 1. MG infection in house finches: the percentages of birds that were symptomatic, infected (PCR+),

or seropositive (SPA+) during the 12-wk study.

RESULTS

Conjunctivitis was noticed in the flock in
mid-September. Thirteen of the 40 birds (33%)
in the flock were symptomatic at that time (Fig.
1). MG DNA was amplified by PCR from
eight of the affected birds and 10 clinically nor-
mal birds. Initially, neither of the two intro-
duced birds was symptomatic not was MG
DNA detected in either of these birds. Two
weeks later, 30 birds had conjunctivitis, includ-
ing one of the introduced birds. Just as rapidly
as conjunctiviris spread through the flock, the
disease resolved (Fig. 1). Four weeks after the
first appearance of disease, only 20 of the birds
(50%) had conjunctivitis and 14 birds had re-
covered clinically. The number of clinically i)l
birds continued to decline, and within 6 wk of
the onset of the disease in this flock, only seven
birds (18%) exhibited conjunctivitis. The num-
ber of sick birds fluctuated in the later weeks

of the study as a few birds experienced recur-
rent Conjunctivitis. The mortality rate during
the 12 wk of the study was 8% (3 of 40 birds).
The dead birds included two birds from the
original quarantined flock as well as one of the
introduced birds. Thirry-three (83%) of the 40
birds developed conjunctivitis. Two-thirds of
the diseased birds exhibited signs in only one
eye, and the discase did not spread from the
affected eye to the other eye. The most fre-
quently observed sign was periorbital swelling.
Infammation of the conjunctiva and a watery
discharge were also frequently observed. Gen-
erally, the signs were not as severe as observed
in previous infections in the aviary (Hill, un-
publ. obs.). Seventeen birds (52%) received a
maximum score of 2 during the course of the
disease, nine birds (27%) received a2 maximum
score of 3, and seven birds (21%) received a
maximum score of 1.
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Table 1. Characteristics of host responses to infection with MG in 1998,

Average no.

Average no.

Type of Number observations observations

infection of birds with clinical signs* MG detected® Mortalicy
Acute 27 1.9 = 0.8 1.9 + 0.9 4/27 (15%)
Chronic 10 24+ 09 4.4 = 1.2 7110 (70%)

*The flock was captured every 2 wk, and each bird was assessed for clinical discase and swabbed for PCR
detection of MG. The observations at which each bird was ill were summed, and the average for cach group

was calculated.

*The observations at which MG could be detected by PCR were summed, and the average for the group

was calculated.

Of the original 38 quarantined seronegative
birds, 37 (97%) seroconverted and 32 (84%)
developed conjunctivitis. The remaining bird
was clinically normal and seronegative through-
out the study although MG was detected in this
bird on two separate occasions. Only two of the
quarantined birds died during the 12 wik of the
study.

When the responses of individual birds to
infection were compared, two distinct patrerns
of infection were observed (Table 1). Twenty-
seven of the infected birds (66%) experienced
an acute, self-limiting infection characterized by
seroconversion ecarly in the study and subse-
quent decline in the SPA scores. Either these
birds became seronegative or their SPA scores
remained low (2 or less) through the remainder
of the study and we could nor detect MG in
them.

Twenty-three of the 27 birds {85%) that de-
veloped an acute infection developed conjunc-
tivitis, while four of these birds never became
ill, although they seroconverted and MG was
detected by PCR. Of the twenty-three birds
that became clinically ill, 19 exhibited conjunc-
tivitis on only one or two observations {Table
1). The ability to detect MG in these birds cor-
related with conjunctivitis, and MG could be
detected for an average of 1.9 abservations (Ta-
ble 1). None of these birds died during the 12
wk that this flock was routinely assessed from
September through December 1998, and only
four of these birds (15%) died during the win-
ter after the study had been completed (Table
1). The SPA scores peaked during the clinical
disease and then declined. Eighteen of the birds
(44%) in this group were seronegative within a
month of the resolution of conjunctiviris,
whereas the remaining nine birds had Aucru-

ating SPA scores of 1 or 2, although MG was
not detected at that time in these birds. By all
measures employed in this study, this group of
birds appeared to have cleared infecrion.

In contrast, 10 birds (249%) exhibited a dis-
tinct response to MG infection characterized by
prolonged infection. All 10 of these birds de-
veloped conjunctivitis, and two were ill for at
least 6 wk and died during the first 8 wk of the
study. MG was amplified from these two birds
throughout that time, and they remained se-
ropositive. The remaining eight birds initially
experienced clinical disease similar to that ob-
served in the 27 birds that experienced an acute
infecrion as described above. The signs ob-
served in these chronically infected birds were
no more severe than those observed in the
acutely affected group, and the duration of clin-
ical disease was not significantly different be-
tween these two groups (r = —1.47, P = 0.08;
Table 1). However, MG could be detected by
PCR in these birds for a much longer time (¢
= —6.42, P = 0.0001; Table 1), and they re-
mained seropositive throughout the study. Two
of these birds also experienced recurrence of
mild conjunctivitis. Five of these birds died be-
tween the end of this study in December and
March when the flock was last examined. In
sum, seven of the 10 birds in this group (70%)
died between summer 1998 and early spring
1999, compared with only four of the 27 birds
(15%) that were infected and recovered (x* =
10.64, P = 0.001).

DISCUSSION

Although the epidemic of MG conjunctivitis
spread rapidly through the eastern range of the
house finch since first appearing in Maryland
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in 1994, the prevalence of clinical discase in the
wild is declining (12,14). The results from the
infection of a captive flock reported here sug-
gest that the change in disease prevalence
among wild house finches is the result of a
changing host—parasite relationship.

While the results reported here support the
changing situation observed in the wild, they
also provide an interesting contrast to the car-
lier observation of a natural MG infection in a
captive flock (9). In their study, Luttrell e al
{9) reported that the infection spread rapidly
and that, once clinical disease appeared, the
signs did not resolve. Of the 104 birds included
in that study, 43 either died or became suffi-
ciently ill that they were euthanatized. In the
current study, we also observed a rapid spread
of MG through a captive flock, but the out-
come of the infection was quite different. Mor-
rality was much lower than that observed in the
1996 study, and the majority of our birds ap-
peared to have cleared the infection. These two
captive studies appear to mirror the changing
nature of the epidemic observed in the eastern
range of the wild house finch population.

As a consequence of the MG epidemic, the
population of house finches in Auburn, like
house finch populations across eastern North
America, has been under intense natural selec-
tion for resistance to the disease. The hatch-
year birds used in this study represent the third
generation of finches subjected to MG infec-
tion. One predicted outcome of such intense
selection on muldple generations of finches is
increased resistance to mycoplasmosis (2,11).
Consistent with this prediction, we observed
thar the 1998 generation experienced lower
mortality and less severe disease after infection
with MG compared with the 1996 generation
of house finches.

Not only is a host population predicted to
evolve in respouse 1o infection by a novel path-
ogen, but the parasite is expected 10 evolve in
response to the environment provided by a new
host. One aspect of the parasite that is subject
to evolution is virulence. The direction of
change in virulence depends on the speed and
severity of the pathogenesis caused by the par-
asite and the parasite’s mode of transmission
{5,10,13). In some circumstances, reduced vir-
ulence 1is prcdicted (5,10,13). Thus, the re-
duced severity of infection observed in our
1998 infection experiment is consistent not

only with increased resistance in finches but
also with reduced virulence in MG. Moreover,
changg in host resistance and change in parasite
virulence are pot murually exclusive predic-
tions, and we assume that the observed change
in disease among exposed house finches is a
consequence of evolution of both the host and
the parasite. Determining the relative impot-
tance of host resistance us. change in parasite
virulence in the reduced severity of mycoplas-
mosis observed in eastern house finches will re-
quire experiments with different populations/
strains of both the host and the parasite.
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