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Abstract
Anton Ghon is well known in the field of childhood tubercu-
losis, and the tuberculosis primary focus and complex are 
frequently called the Ghon focus and complex; this is large-
ly the result of the wide publication of the English transla-
tion of his monograph “Der primäre Lungenherd bei der Tu-
berkulose der Kinder.” Ghon’s studies are frequently quot-
ed, but precise details of his monograph are neglected, his 
results often misquoted, and his later publications virtually 
unknown. This review highlights aspects of Ghon’s anatom-
ical pathology studies in children and adults not necessarily 
dying of tuberculosis but with signs of tuberculosis infec-
tion. Ghon found a single primary tuberculosis focus in ap-
proximately 80% of tuberculosis-infected children situated 
close to the pleura in two-thirds of cases. Cavitation of the 
focus was common, and lymphatic spread involved lymph 
nodes in the abdomen and neck in many children. Studies 
amongst adults and children frequently found the healed 
primary tuberculosis focus to be completely calcified with-
out histological signs of tuberculosis activity; however, par-
ticularly in the presence of pulmonary tuberculosis, histo-
logical signs of tuberculosis activity were often found in the 
lymph nodes of the angulus venosus, despite apparent 
healing with extensive calcification. Both earlier studies and 

more recent investigations, with molecular biological tools, 
unavailable to Ghon and earlier researchers, have confirmed 
the presence of viable mycobacteria in apparently normal 
or healed thoracic nodes and also found molecular biologi-
cal indications of viable mycobacteria in these nodes. As 
suggested by Ghon, lympho-haematogenous spread of tu-
berculosis may be more common than is usually appreci-
ated. © 2020 S. Karger AG, Basel

Introduction

Anton Ghon (Fig. 1) is well known in the field of child-
hood tuberculosis (TB), and this is largely the result of his 
much-quoted monograph “Der primäre Lungenherd bei 
der Tuberkulose der Kinder” published in German in 
1912 [1] and subsequently published in English in 1916 
as “The Primary Lung Focus of Tuberculosis in Children” 
[2]. This latter publication ensconced Ghon’s name in the 
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childhood TB literature. Although Ghon’s name is firmly 
linked to the TB primary focus and complex, he was part 
of a large body of researchers, whose findings preceded 
and followed Ghon’s monograph and helped underpin 
his conclusions. Ghon’s studies are often quoted, but the 
precise details of his monograph are neglected, his results 
often misquoted, and his later publications virtually un-
known. In this article, we review Ghon’s monograph, his 
later publications, and those of his contemporaries and 
their relevance today.

Methodology
We searched PubMed using Ghon’s name and the 

words tuberculosis, primary focus, and complex. Older 
text books in English and German were sourced and 
searched for references related to early anatomical pa-
thology studies of the TB primary infection focus and 
complex, and these articles were further reviewed.

Context
René Laennec unified the concept of TB demonstrat-

ing that the tubercle was the basic feature of TB and was 
present in all TB lesions; it was the same disease that was 
responsible wherever tubercles were identified [3]. 
Laennec noted the presence of TB thoracic lymph nodes 
in children, but often failed to find pulmonary lesions, 

concluding that ulcerating mediastinal nodes spread TB 
into the pulmonary tissues.

The first firm indication of the true features of pri-
mary TB infection in children and an indication of the 
likely route of TB infection were provided by Joseph Ma-
rie Jules Parrot. In 1876, Parrot, working in Paris, pre-
sented his findings following 145 post-mortem examina-
tions of children aged 1–7 years to the Société de Biologie 
[4]. Whenever there was a TB lesion in the bronchial 
lymph nodes, a similar lesion was present in the lungs; 
this might be very small and difficult to locate. Parrot de-
scribed the mediastinal lymph nodes as the mirror of the 
lungs. Parrot’s pupils and successors Hervouët [5] and 
Hutinel continued his studies, and George Küss’s thesis 
“De l’hérédité parasitaire de la tuberculose humaine,” 
published in 1898, guided by Hutinel, placed the matter 
beyond reasonable doubt, clearly demonstrating the re-
lationship between TB-infected mediastinal nodes and 
the pulmonary TB focus. TB was an aerogenous infection 
and not the consequence of congenital infection lurking 
in the mediastinal lymph nodes or an abdominal infec-
tion [6].

Despite Küss’s findings, early pathologists continued re-
porting prominent bronchial and paratracheal nodes in 
children with TB but still seldom identified a pulmonary 
focus [7–9]. However, Eugen Albrecht in Munich in 1907 
[10] and Heinrich Albrecht in 1909 [11], a Vienna colleague 
of Ghon, reported findings similar to those of their French 
colleagues, as did Hedren in 1912 in Stockholm [12].

Heinrich Albrecht’s results are noteworthy; between 
1903 and 1909, he carried out post-mortem examinations 
on 1,060 children with signs of TB infection; 191 (14.6%) 
were infants, 691 (44.3%) aged 1–6 years, and 178 (50.1%) 
aged 6–12 years. TB was the cause of death in only a pro-
portion of children; the commonest causes of death being 
inter-current infectious diseases such as measles, diph-
theria, scarlet fever, and pneumonia [11]. The foci could 
be very small, especially when healed, and he often local-
ized them by noting the situation of the mediastinal nodes 
and carefully massaging the lungs in a distal direction. He 
considered the consistent relationship of the focus and 
lymph nodes to have the features of a law governing 
events. Albrecht also emphasized the manner in which 
TB spread via the lymph circulation in different direc-
tions.

Thus, when Ghon commenced his studies, the broad 
outlines of the path of TB infection were clear, even if not 
widely accepted, and still vigorously contested by leading 
researchers such as Calmette and Guérin in France and 
von Behring and Schlossmann in Germany [13–15].

Fig. 1. A signed photograph of Anton Ghon that appears in the Vi-
talis Gallery of prominent natural science and medical researchers.
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A Brief Outline of Anton Ghon’s Career
Anton Ghon was born on January 1, 1866, in Villach, 

Austria, attended university in Graz, graduated in 1890, 
and became an assistant to Weichselbaum in the Institute 
for Pathological Anatomy in Vienna and investigated 
meningococcal infections. Later, he studied bubonic 
plague in Bombay with Heinrich Albrecht and in 1902 
became professor extraordinarius in Vienna and assistant 
in the Patho-Anatomical Institute of St Anna Children’s 
Hospital, one of the foremost European paediatric cen-
tres. In 1910, he accepted the Chair of Pathological Anat-
omy at the German University in Prague and continued 
publishing actively, assisting his younger colleagues until 
his retirement in 1935. He was twice elected dean of the 
Prague faculty and once rector [16].

Ghon’s career developed in the aftermath of Robert 
Koch’s discovery of Mycobacterium tuberculosis as the 
cause of TB, and he was fortunate to commence his stud-
ies at St Anna Children’s Hospital where Theodore Esch-
erich was the head. Escherich initiated a number of orig-
inal infectious disease studies and was amongst the first 
to explore the use of radiology in children and played an 

important role in the development of paediatrics and pae-
diatric infectious diseases as specialities. He also institut-
ed the routine tuberculin skin testing of every child ad-
mitted to the St Anna Hospital [17].

Anton Ghon’s Studies of the Route and Consequences 
of Primary TB Infection
In the introduction to his monograph, Ghon first pays 

tribute to his colleagues and predecessors. He notes that 
in 1903, Escherich drew his attention to Küss’s work and 
admits that his investigations do not report anything new, 
but hopes that “wider recognition of the primary lung fo-
cus of tuberculosis in childhood” will result and that he 
can “enlarge on the results we have hitherto had at our 
disposal.” He thus began with a considerable advantage; 
he knew what he was looking for!

The materials Ghon drew upon originated during the 
years 1902–1910, but between 1903 and 1907, he states that 
he was developing his techniques, “working as uniformly 
as possible,” but still dissatisfied with his skill and insights. 
Nonetheless, his Vienna colleagues Hamburger and Sluka 
used his post-mortem findings in a 1904 paper [9].

Table 1. Main anatomical pathology features found during Anton Ghon’s post-mortem studies of primary childhood TB during the 
period 1907–1909 at St Anna Children’s Hospital, Vienna [2]

Post-
mortems, 
n

Causes of death as result of TB, 
n (%)

TBM general or 
miliary TB

other 
TB

Primary focus outside the lungs 5
No recognizable primary focus, but TST positivea 2 –
TB of nodes adjoining the lungs, but no lung focus found 3 –
TB nodes adjoining the lungs but also TB of other organs and their tributary nodes that might have been a 

channel of entry 4 –

Total 14

Cases with a primary lung focus
I. A lung focus without any nodal TB detected 1 –
II. A lung focus with lung lymph node involvement 34 –
III. A lung focus with nodal TB involvement and haematogenous spread to other organs 20 13 (65) 3 (15)
IV. As above, but now with lymph node involvement related to other organs that might be a channel of TB 

infection 25 13 (52) 7 (28.0) I (4)
V. As in IV, but with recent TB involvement of organs that might be a channel of infection 64 30 (46.9) 23 (35.9) 2 (3.1)
VI. As above, but with older TB changes although not as old as those of the pulmonary focus 11 4 (36.4) 5 (45.5)
VII. A focus present in both the lungs and organs outside the lungs that could possibly be a primary entry 
point

15 2 (13.3) 5 (33.3) 2 (13.3)

Total 184 62 (33.7) 40 (21.7) 8 (4.3)

TB, tuberculosis; TST, tuberculin skin test; TBM, tuberculous meningitis. a In 1 case, a positive guinea pig culture of M. tuberculosis was obtained from a 
macroscopically normal lymph node.
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The cases recorded in his monograph date from the 
years 1907 to 1909 during which Ghon performed 644 
post-mortem examinations; amongst these, 184 (28.6%) 
were on children with documented TB changes. These 
children were aged from infancy to completion of their 
14th year and included a high proportion of infants 
(27.2%) due to the admission policy of St Anna Hospital; 
16.3% were in their second year of life; the ages of the re-
mainder ranged from 3 to 14 years.

The extent of TB disease and the nature of the changes 
found on post-mortem examination are summarized in 
Table 1. Ghon arranged the individual cases into 7 divi-
sions reflecting the extent of the spread of infection, either 
lymphogenous, haematogenous, or following “canalicu-
lar” aspiration via the bronchi and gastrointestinal tract.

Overall, there were 14 (7.6%) children with no lung 
focus detected. Seven presented with mediastinal TB 
nodal disease, but no lung focus was found; 2 (1.1%) chil-
dren showed positive tuberculin skin testing without any 
other detectable TB signs, and in one of these, the con-
tents of several macroscopically normal tracheobronchi-
al nodes produced a positive culture of M. tuberculosis in 
a guinea pig. Five (2.7%) children had an extra-pulmo-
nary primary TB infection. These foci were in a tonsil, the 
jejenum, and the small intestine, while a tuberculous ret-
ro-auricular lymph node and mesenteric lymph nodes 
indicated 2 other probable infection sites. In another 4 
(2.2%) cases, there were tuberculous lymphatic glands 
adjoining the lungs but also tuberculous changes in oth-
er organs.

In a further 15 cases, a lung focus of infection was de-
tected, but organs other than the lungs came into conten-
tion as possible channels of infection, and it was impos-
sible to decide which was the primary focus; the possibil-
ity of a simultaneous entry point at both sites was 
conceded. Ghon cautions that the results are mainly 
based on anatomical and macroscopic findings.

TB as the Cause of Death in the Children Studied
The causes of death as a result of TB amongst the chil-

dren studied are summarized in Table 1. TB caused death 
in 110 (59.8%) of the 184 children with a primary TB; in 
62 (33.7%), tuberculous meningitis was the cause of 
death; in 40 (21.7%), it was designated as “general TB,” 
and one assumes this indicates miliary or haematogenous 
spread. Eight (4.3%) children died as a result of other 
forms of TB including 2 cases each of abdominal TB and 
extensive caseating pneumonia, one each following spinal 
TB, renal TB, TB pericarditis, and compression of the 
right main bronchus.

The Number of Lung Foci
Although it is often stated that there is only 1 primary 

focus, in a minority of cases there may be more. In Ghon’s 
series of 170 cases of primary pulmonary TB, there was a 
single focus in 123 (72.4%) cases; in 25 (14.7%), there 
were 2, in 11 (6.5%) cases, 3, in 5 (2.4%) cases, 4, and 5 or 
more in the remaining 6 (3.5%).

Ghon is at pains to emphasize that these figures are an 
approximation. If the relevant lesions were close together, 
it was difficult to decide whether there really was >1 pri-
mary focus. He concedes the possibility of recent reinfec-
tion or the simultaneous deposit of another infectious 
particle. In a later 1923 paper, Ghon and Winternitz [18] 
described their findings in Prague on post-mortem ex-
amination of a further 551 children with pulmonary pri-
mary TB; 517 (93.8%) had a single pulmonary primary 
focus. A similar predominance of single primary foci was 
noted by other researchers such as Hedren in Stockholm 
[12], Canti in London [19], Blumenberg in Magdeburg 
[20], Blacklock in Glasgow [21], and MacGregor in Edin-
burgh [22].

Appearance and Size of the Lung Focus and the 
Presence of Cavitation
The size of the foci was assessed using a rough “agri-

cultural” classification, as was in practice in reports of this 
period. Amongst the 142 children with a single lung fo-
cus, 52 (36.6%) had caseous changes. Of these, 16 (30.8%) 
were considered to have foci the size of a pea, 9 (17.3%) 
the size of a cherry, and 12 (23.1%) the size of a hazel nut 
with intermediate gradations amongst the remainder. In 
51 (35.9%) children, cavitation was present, and the focus 
was considered the size of a pea in 9 (17.6%), the size of a 
cherry in 6 (11.8%), a hazel nut in 12 (23.5%), and a nut 
in 11 (21.6%). Amongst 34 older children with calcifica-
tion or petrification of the focus, the foci tended to be 
smaller, and 22 (64.7%) were the size of a pea or less. The 
size of the foci tended to be larger in the younger children, 
and size was associated with the degree of activity in a fo-
cus, which also tended to be more extensive in younger 
children.

Of the 52 foci with caseous changes, 21 (40.4%) were 
surrounded by numerous tubercles that appeared to be 
dependent on the focus. These secondary foci were more 
prominent in cases with softening of the focus contents. 
Notably, in 15 (29%) of 51 cases with a single lung focus 
and a cavity, there were surrounding tubercles.

In later studies drawing on material collected in Prague 
and Vienna, Ghon again reported the frequent presence 
of cavitation in the primary foci that was more common 
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in younger children [23]. Amongst this joint group were 
203 infants of whom 191 (94.1%) had primary pulmonary 
TB; of these, 65 (34%) had a cavity, or in 24 (12.6%), case-
ous softening that was likely to proceed to cavitation; 81 
(91%) of these infants with cavitation or caseous soften-
ing had miliary TB, and amongst these, 24 (29.6%) died 
of tuberculous meningitis.

Other pathologists also recorded frequent cavitation 
in the primary focus in children. Hedren described cavi-
tation in 15 (31.9%) of 47 cases <1 year of age and 30 
(19.7%) of 152 >1 year of age [12], Blumenberg in 30–40% 
of children [20], and Blacklock in 52 (30.6%) of 170 pri-
mary foci [21].

In 34 (23.9%) of the Vienna children with a single lung 
focus, calcification or petrification of the focus was de-
tected. These foci could be very small and easily over-
looked.

The Position of the Primary Focus and Pleural 
Involvement
Ghon goes into considerable detail regarding the posi-

tion of foci within different lobes and concedes that his 
localization is mainly macroscopic but considers this as 
fairly accurate. Figure 2 illustrates the position of the 142 
single foci studied in Vienna [1]; Table  2 summarizes 
their positions together with the positions of the foci in a 
further 485 children, also with single primary foci studied 
later in Prague [18].

The right lung contained more foci than the left, and 
there were slightly more foci in the upper lobes than the 
lower lobes. Ghon points out that this finding differs from 
that of Küss who found more foci in the lower lobes but 
adds that the numbers in both studies are insufficient to 
reach any final conclusion. Regarding the position of all 
the foci within each lobe, Ghon provides a detailed analy-
sis of the overall positions of the foci “the positions of 
which were determinable” within the different lobes (Ta-

Fig. 2. Distribution of primary foci found 
during Anton Ghon’s studies of primary 
TB in children in Vienna. “…practically all 
the sections showed lung foci, but …gener-
ally speaking, the anterior upper portions 
of the upper lobes and the posterior lower 
portions of the lower lobes showed the 
greatest number…”[2]. TB, tuberculosis.
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ble 3). Nearly all subdivisions of the lungs and lobes had 
foci, but the anterior portions of the upper lobes and the 
posterior lower portions of the lower lobes contained a 
greater proportion. Regarding the right middle lobe, the 
upper and lower and anterior and posterior sections were 
equally affected. The lobar apices were affected, but only 
a minority of foci were found immediately beneath the 
apices.

In a later paper, Ghon provided a further detailed anal-
ysis of another 100 children with primary TB subject to 
post-mortem examination between 1911 and 1924. He 
divided each lung lobe into thirds and found the upper, 
middle, and lower thirds of all 5 lobes to be the site of a 
single primary focus in 37, 33, and 30% of cases [24].

In another similar analysis, Blacklock found 90 (53%) 
of 170 single foci in the upper lobes with the majority in 
the upper two-thirds of the anterior surface of the right 
upper lobe and the middle third of the left upper lobe, but 
in the lower lobes, a majority were at the lower third of 
the posterior surface; the apices were also seldom affected 
[21]. Of 85 primary foci recorded by MacGregor working 
in Edinburgh, 37 (43.5%) were in the right upper lobe and 
a further 8 (9.4%) in the left upper lobe [22].

Amongst the 142 cases with a single lung focus includ-
ed in Ghon’s monograph, changes in the pleura were pres-
ent in 95 (66.9%); this varied from circumscribed adhesive 
pleuritis to pleuritis encompassing most of the lung where 
the focus was situated. In 5 instances, the pleuritis extend-

ed over both lungs. Regarding all cases with a lung focus, 
pleural changes were present in 114 (67.1%) of 170 cases. 
He also noted, particularly in cases with TB changes in the 
upper tracheobronchial nodes, that there were adhesions 
of nodes to the medial surface of the upper lobe pleura, 
this being particularly common on the right side. The sub-
pleural localization of the primary foci was similarly re-
ported by other pathologists [12, 20, 21].

Early Primary Foci
In 1913, Zarfl described a primary focus in a 25-day-old 

infant [25], and in later studies, Ghon and his collabora-
tors also described very early primary foci [26, 27], one of 
which was found in a child only 35 days old. Other de-
scriptions of very early foci were provided by Blumenberg 
[20], Blacklock [21], and Pagel and Price [28]. The char-
acteristic lesion seen, before the development of tubercu-
lin positivity in several cases, was an exudative tubercu-
lous broncho-pneumonia with some caseation centrally 
without tubercle development or any signs of fibrosis or 
capsule development but with abundant mycobacteria, 
the retention of some alveolar structures, and the presence 
of occasional epithelioid cells. In the cases reported by 
Zarffl and Pagel, no macroscopic changes were evident in 
any lymph nodes, but in the case of an infant only 35 days 
old reported by Ghon and Pototschnig, tuberculous 
changes were evident in some of the regional lymph nodes, 
and on microscopy, mycobacteria were seen [27].

Table 2. Lobar disposition of single lung foci found during Anthon 
Ghon’s post-mortem studies of primary childhood TB (A) during 
the period 1907–1909 at St Anna Children’s Hospital, Vienna [1], 
and (B) during the period 1910–1923 at the Anatomical Pathology 
Institute in Prague [18]

Lobe Right lung Left lung Both lungs

A
Upper 44 (50.6%) 33 (60%) 77 (54.2%)
Middle 11 (12.6%) – 11 (7.8%)
Lower 32 (36.8%) 22 (40%) 54 (38.0%)

Total 87 (61.3%) 55 (38.7%) 142

B
Upper 139 (52.9%) 117 (57.9%) 256 (555.1%)
Middle 37 (7.6%) 37 (8.0%)
Lower 87 (17.9%) 85 (42.1%) 172 (37.0%)

Total 263 (56.5%) 202 (43.4%) 465

TB, tuberculosis.

Table 3. Position of all the lung foci “whose positions … were 
determinable” within the different lobes of the lungs found during 
Anthon Ghon’s post-mortem studies of primary childhood TB 
during the period 1907–1909 at St Anna Children’s Hospital, 
Vienna [1]

Position of all the foci within all the lobesa N (%)

At the apices of the lobes 38 (19)
Immediately beneath the apex 9 (4.5)
At the borders 43 (21.5)
On the anterior surface 51 (25.5)
On the posterior surface 19 (9.5)
On the medial surface 16 (8.0)
On the basal and interlobular surface 12 (6.0)

Total 188

TB, tuberculosis. a The term apices in the first row includes, for 
example, the lower part of the anterior apex of the left upper lobes 
and thus would also include the apex of the lingula.
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In the closing paragraphs of his monograph, Ghon ad-
mits the possibility that infection of the lungs might result 
from ulceration of the mediastinal lymph nodes; howev-
er, this would usually follow after the primary infection 
has spread from the primary focus to the regional nodes 
and he states “...I have seen no case where the alterations 
in the lung focus showed a more recent stage of develop-
ment of the tuberculous process, from a morbid anatom-
ical standpoint than the alterations in the adjoining lym-
phatic glands.” He concludes his monograph: ‘‘…in 
childhood the primary infection of the lungs represents 
the usual form of the tuberculous infection” [2].

Endogenous and Exogenous TB Reinfection
In a series of later papers, Ghon and his colleagues 

followed the extension of the primary complex via the 
mediastinal lymph vessels and lymph nodes to the an-
gulus venosus at which point the lymph vessels dis-
charge into the subclavian veins often via the ductus 
thoracicus and the ductus lymphaticus. With Ranke 
[29], he considered the TB changes a logical extension 
of the primary complex. He speculated that the lymph 
nodes in the angulus venosus might be a common portal 
of access for bacilli into the lungs during primary infec-
tion and for further haematogenous dissemination dur-
ing the later development of endogenous TB reinfection 
after healing of the primary focus [30]. Case reports gave 
detailed descriptions of adults, adolescents, and chil-
dren, who on post-mortem examination were found to 
have calcified, inactive primary foci from an earlier pri-
mary infection, either as a child or later as an adolescent 
or adult, but now had signs of “lympho-glandular rein-
fection” [31–33].

On post-mortem examination of 100 unselected cases 
of pulmonary TB, their ages ranging from 1 to 70 years, 
Ghon and his colleagues [34, 35] paid particular attention 
to the lymph nodes of the angulus venosus, histologically 
evaluating the presence of fresh TB changes in these 
nodes and lymph vessels. In approximately 90% of cases 
investigated, changes identified in the angulus venosus 
lymph nodes were compatible with TB, one sided in 26 
cases, but bilateral in 63. These changes varied, including 
the presence of tubercles with epithelioid giant cells, with 
or without caseation, older changes histologically defi-
nitely related to tubercles, hyalinized or calcified foci with 
giant cells and Langhans cells visible on the edges, and 
hyalinized or calcified foci with signs of previous TB on 
histology. Finally, in a minority of cases, reticulum thick-
ening frequently accompanying TB was noted without 
any signs of active TB.

Nearly always the primary focus appeared healed and 
calcified, but on histological examination, there were fre-
quently fresh tuberculous changes in the lymphogenous 
drainage region of the primary complex, and these chang-
es often appeared even in the presence of extensive calci-
fication of the lymph nodes and vessels. Ghon and his 
collaborators [34] speculated about the origin of what was 
known as reinfection TB and whether it was possible to 
separate exogenous and endogenous “reinfection.” They 
pointed out that there were 2 “camps” vigorously advo-
cating each possibility; Ghon likened exogenous reinfec-
tion to “superinfection”; this he contrasted with endoge-
nous reinfection, which he considers is, perhaps, better 
termed "metastatic reinfection.” Ghon appeared to favour 
the definitions of Orth according to which endogenous 
reinfection was every new infection with tubercle bacilli 
caused by the same organisms already present in the in-
dividual’s body [35, 36]. Orth considered that exogenous 
reinfection occurred when an already TB-infected indi-
vidual sustained an infection with a tubercle bacillus that 
was not a direct descendant of the original infecting bacil-
lus.

In this way, Ghon was drawn into the controversies 
surrounding the origins of apical TB lesions common in 
adolescents and adults and then known as phthisis, a con-
tentious subject still relevant today [37, 38]. He consid-
ered that the frequent, persistent occurrence of TB in the 
lymphatic drainage of the primary focus might lead to 
haematogenous infection of the lungs when the infected 
lymph was discharged into the vena cava blood vessels 
and that these changes might ultimately be responsible 
for a considerable proportion of haematogenous TB 
spread to the lungs and other organs.

Discussion

Although Anton Ghon’s monograph and subsequent 
publications did not state anything new regarding the pri-
mary focus and complex of TB, as he himself acknowl-
edged, he presented his data systematically and in detail 
so that it was very difficult for advocates of other routes 
of TB infection, notably gastrointestinal, to dispute his 
conclusions. Our review draws attention to the details of 
Ghon’s studies of the primary focus and, in particular, the 
lymphatic component of the primary complex and its 
possible contribution to the establishment of the apical 
lung foci that are possibly responsible for the further 
spread of TB infection, particularly at some later point 
following the healing of the primary focus.
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It is often stated that the primary focus is situated in 
the bases of the lung lobes and more frequent in the low-
er lobes and this is contrasted with the frequent upper 
lobe, apical localization of the adult, or adolescent lesions 
[39, 40]. The wide distribution of primary foci in Ghon’s 
studies, with a slight predominance in the upper lobes, is 
well illustrated in Figure 2. Tables 1 and 2 show that there 
are more foci in the upper lobes, but that this difference 
is, again, not marked. Other researchers [20–22], with the 
exception of Küss [6], also reported a predominance of 
upper lobe primary foci in children. In contrast, during a 
study of minimal pulmonary TB lesions in adults, Medlar 
reported that two-thirds of calcified primary complexes 
in adults were found in the lower half of the lung fields. 
However, the calcified lesions reported in this study had 
to have a diameter of at least 2 mm and both the primary 
focus and the relevant nodes had to be calcified. It can be 
questioned whether these lesions give a true picture of the 
distribution of primary TB foci or were all actually the 
result of primary TB [41]. Secondary lesions arising from 
a cavitated primary focus might also calcify as might le-
sions arising from later reinfection TB.

It is also often stated that the primary focus does not 
cavitate [40, 42], but a significant proportion of children, 
particularly younger children, studied by Ghon and other 
pathologists did have cavitary lesions and these, likely, 
can also occur in primary foci in adults following prima-
ry infection [43, 44]. These lesions probably contribute to 
the finding of viable M. tuberculosis in gastric aspirates or 
sputum specimens from recently infected, but apparently 
normal children and adults [43–46]. As stated by Ghon’s 
colleague Heinrich Albrecht, primary TB in children is a 
form of “open TB” that can spread via the bronchi to in-
fect other organs, especially in the oropharynx and gas-
trointestinal tract [11].

During his post-mortem examinations, Ghon, and 
other early pathologists, paid particular attention to the 
lymph nodes and lymph vessels and documented a wide 
distribution of TB lesions, in both superior and inferior 
directions. Cervical or submandibular nodes might be in-
volved, as might the nodes of the celiac plexus below the 
diaphragm. Heinrich Albrecht stated that he seldom 
found TB involvement of the cervical nodes, nor inferior 
spread of infection below the diaphragm involving the 
lymph nodes adjoining the abdominal organs, without 
initial involvement of the tracheobronchial nodes [11]. In 
his later papers, Ghon frequently returned to the response 
of the mediastinal lymph nodes and the lymphatic vascu-
lature to TB infection, but emphasized, in particular, the 
potential role of the lymph nodes of the angulus venosus 

in the pathogenesis of apical cavitating lesions in adoles-
cents and adults and endogenous reinfection. Despite cal-
cification and the apparent complete resolution of TB ac-
tivity in the primary focus, histological signs of fresh ac-
tivity were frequently found in the thoracic lymph nodes 
[31–35].

In support of the histological findings of TB activity 
in the mediastinal lymph nodes during Ghon’s studies, it 
is relevant to note that numerous later investigators doc-
umented the detection of viable M. tuberculosis in mate-
rial obtained during post-mortem examinations or bi-
opsy from mediastinal tuberculous lymph nodes, even in 
the presence of overt calcification [47–50]. While these 
findings usually represented only a minority of cases in-
vestigated, they confirm that what Ghon termed lym-
phogenous-endogenous reinfection is a decided possibil-
ity. Canetti [50], following an extensive series of post-
mortem examinations in adults carried out in Paris 
between 1940 and 1945, concluded that endogenous re-
infection was most unlikely to be a cause pulmonary TB 
reinfection. Nonetheless, his own studies did report pos-
itive cultures of M. tuberculosis from calcified, apparent-
ly latent pulmonary or glandular foci in 11 (25%) of 44 
adults [50].

Both Ghon and Arnold Rich stated cogently that both 
endogenous and exogenous TB reinfection occur but that 
the frequency with which they occur under different cir-
cumstances was uncertain [33, 51]. In any HIV high-in-
cidence community, both endogenous reactivation and 
exogenous reinfection will likely continue to be impor-
tant sources of pulmonary TB [52, 53]. Against the above 
background, epidemiological data suggest that the rela-
tive importance of endogenous reinfection, whatever its 
source, will likely also be determined by the level of TB 
infection risk, the secular trend of this risk, and the age 
distribution of the relevant population. In the Nether-
lands, during the period 1951–1970, the risk of infection 
declined dramatically by almost 14% annually. During 
this period, the largest contributor to TB notifications in 
the male age group 15–19 years was primary infection. 
However, in the male age group 60–64 years, exogenous 
reinfection and endogenous reactivation became much 
more important, and as the annual risk of infection de-
clined further, the role of endogenous reactivation in-
creased in importance [54]. A similar epidemiological 
study using notification data from England and Wales for 
the period 1900–1990 also concluded that the risk of in-
fection was the most important factor determining the 
origin of pulmonary TB cases. As the occurrence of pri-
mary infection and exogenous infection declined, the 
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proportion of TB cases ascribed to endogenous reactiva-
tion became more important [55].

Much more recently, investigations such as positron 
emission tomography with concurrent computerized to-
mography that is able to detect, locate, and quantify neo-
plastic and inflammatory activity with increasing accu-
racy have been used to study metabolic activity in the me-
diastinal lymph nodes in individuals with probable 
persistent TB infection and have demonstrated activity in 
suspicious circumstances [56–58]. Other investigators 
using real-time polymerase chain reaction and immuno-
chemistry have documented the presence of considerable 
amounts of M. tuberculosis constituents in these calcified 
lymph node lesions [59].

Lymph nodes are not only sites of antigen presenta-
tion and immune activation during infection but might 
also serve as important sites for persistence of significant 
numbers of M. tuberculosis bacilli [60]. From the evi-
dence available, it appears that lymph nodes represent a 
plausible anatomical reservoir and macrophages a plau-
sible cellular niche for bacterial persistence, the latter 
also providing M. tuberculosis bacilli with the necessary 
mobility to escape the reservoir and enter the blood 
stream to cause secondary, active TB disease. In support 
of Ghon’s theories, we see more and more indirect evi-
dence that TB may persist in and spread via lymph 
nodes, and that the angulus venosus might indeed rep-
resent a stepping stone for macrophages carrying M. tu-
berculosis to enter the systemic circulation. Further-
more, several recent publications have again empha-
sized the role of the lymphatic system in the 
pathogenesis of TB [61], and it is suggested that TB 
could be considered a lymphatic disease [62]. Equally 
important is the role of specialized macrophages in the 
transport of bacilli via the lymphatic circulation to the 
regional lymph nodes that are better able to induce a 
protective immunological response [63, 64]. Despite the 
important role of the macrophages in controlling TB, 
they might also offer a means of transport for the other-
wise inert M. tuberculosis. Might TB not also be consid-
ered a macrophage disease, needing the lymphatic sys-
tem and the macrophage for transport, thus enabling the 
bacilli to reach the blood circulation via the angulus ve-
nosus and to access the lungs from where the circle of 
infection might be completed [37, 64].

Wide-ranging spread of TB via the lymphatic system 
following primary TB infection was demonstrated by ear-
ly pathologists, and peripheral TB lymphadenopathy re-
mains a common manner of presentation of primary TB 
[65]. Would TB be able to spread as widely in the body as 

it frequently does without the aid of the lymph nodes, the 
lymphatic vasculature, and the macrophages, Robert 
Koch’s “Wanderzelle”? [66].

In conclusion, not only did Anton Ghon make a major 
contribution to our understanding of primary TB and its 
anatomical pathology, but he also made a significant, pre-
viously unacknowledged contribution to our knowledge 
of the effects of primary TB infection regarding the lymph 
nodes and the lymphatic vasculature and their role in the 
pathogenesis of TB. On a final note of irony, Anton Ghon 
died on April 23, 1936, of tuberculous pericarditis.
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