THE “STRANGE” WORLD OF BLOODSTAIN CELLS.
A BRIEF OVERVIEW OF HAEMOTAPHONOMY
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ABSTRACT: Mammals are the only vertebrates that have anucleate red blood cells
(RBC’s). In this zoological class, RBC’s typically have the shape of biconcave discs.
The cytomorphological study of RBCs in bloodstains is an issue with implications in
fields such as forensic biology or prehistoric archaeology. Using scanning electron
microscopy, the author has pioneered a new approach to the study of bloodstains,
which has led moreover to a general terminology and systematics for smear-origin
mammalian RBC’s. This paper summarises the results of more than 10 years of re-
search in this field, by presenting the main morphological features of mammalian
erythrocytes, when in smears.
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INTRODUCTION

Vertebrate blood (i.e. blood, in the strict sense) is a suspension of cells
(erythrocytes or red blood cells, leukocytes or white blood cells, and throm-
bocytes or platelets) in a fluid medium (plasma). Unlike other vertebrates,
mammals have anucleate erythrocytes [15]. Due to this lack of nucleus, typi-
cal mammalian red blood cells (RBC’s) have a biconcave disc shape (disco-
cytes). This does not apply to the Camelidae family, where RBC’s are oval
(ovalocytes) [1]. Other physiological shapes — which are minor or patho-
logic — are: echinocytes (burr or berry cells), dacryocytes (tear drop cells),
schizocytes (helmet cells), keratocytes (horn cells), drepanocytes (sickle
cells), and many others [2, 3, 4, 5, 15, 20].

The presence of residues on implements is consistent with the well-
known criminalistic principle — Locard’s Principle of Exchange (“every con-
tact leaves traces”). Indeed, the occurrence of morphological preservation of
anucleate, mammalian RBC’s in bloodstains has been reported even in
palaeolithic tools, estimated to date back as far as 2 million years [17].
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HAEMOTAPHONOMY: A NEW APPROACH TO THE STUDY
OF BLOODSTAINS

The term haemotaphonomy was proposed by the author to refer to
“the study of bloodstains, and especially of the changes in appearance and
size of the cellular components, as well as the characteristics of their cell po-
sition and appearance in function of the superficial topography and composi-
tion of the substrate” [8]. Thus, the author has carried out a new approach to
the study of bloodstains by showing their RBC shapes using scanning elec-
tron microscopy (SEM) [8, 9, 10, 11, 12, 13].

This new approach was mainly carried out with a prehistoric bias. Mam-
mals were chosen as the target taxon because this zoological class has long
been assumed to be the major animal biomass source for prehistoric man
[6, 16, 21]. All the specimens were single coated with gold except for the old-
est samples, which were doubly coated with carbon and gold to increase reso-
lution [13]. Then, the specimens were SEM analysed via secondary electrons
at an accelerating voltage of 15 kV, except for the thicker smears, which
were analysed at 10 kV to decrease electrostatic charge [12]. Furthermore,
particular results of this research have led to the creation of general termi-
nology and systematics for smear-origin mammalian erythrocytes (Fig-
ure 1). Although this systematics primarily concerns mammals, this does
not exclude the possibility that it could be also suitable for other vertebrate
taxa [13].
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Fig. 1. Systematics for erythrocytes in mammalian bloodstains. This systematics
could possibly apply to RBC’s in smears from other vertebrates too.

Most of the observed smear-origin RBC shapes have the same morphol-
ogy as RBC’s described in haematology. However, two time-independent
RBC shapes are interpreted as being specifically due to blood drying phe-
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nomena. Thus, the following morphologies are considered as characteristic
of mammalian RBCs in bloodstains: moon-like shapes or hecatocytes (Fig-
ure 2), which could be due to erythrocyte-plasma interaction when drying
(fracturing), and negative replicas or janocytes (Figure 3), which could be re-
lated to the dried plasma matrix (imprinting). The morphology of the corpus-
cles in suspected “clump” aggregates can also be easily examined under an
SEM (Figure 4).
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Fig. 2. Author’s blood on limestone. Stored unburied, indoors for 8 years and 9 months.
a) View through a reflex camera with macrophotography system. b) Moon-like
shapes as seen under an SEM. This electron micrograph is a rotated detail with re-
spect to that first exhibited as Fig. 2 ¢ on page 736 in Hortola 2002 [12]; reprinted
from Journal of Archaeological Science, vol. 29, Policarp Hortola, Red blood cell
haemotaphonomy of experimental human bloodstains on techno-prehistoric lithic
raw materials, pp. 733-739, Copyright (2002), with permission from Elsevier.

Due to the role that drying plays in the appearance of hecatocytes and
janocytes, they obviously cannot be found under physiological conditions.
At the same time, due to the cause of these shapes found in smears —1i.e., frac-
turing and imprinting of cells in the drying plasma —it is not expected that the
presence of a nucleus in non-mammal vertebrates will result in changes in the
shapes with respect to the presented systematics for mammalian RBCs.

The main factors which, a priori, could seem to affect the morphological
integrity of RBCs in bloostains are time and climate variables. However, the
results of haemotaphonomical research indicate that a time span (of ageing)
of up to 10 years or even more does not have a negative effect on the general
preservation of the RBC’s. In this respect, the high level of erythrocyte pres-
ervation exhibited in the examined erythrocytes indicates that dried blood
tissue is homologous or analogous to mummified blood. In a similar way, it
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Fig. 3. Suspected human blood on urban asphalt. About 8 months in situ, in open air.
a) Viewed by the naked eye (photograph taken with an autofocus camera using
40 x 40 mm film). Pen length is 13.8 cm. b) Negative replicas as seen under an SEM.
This electron micrograph was first exhibited in Hortola 1994 [9]; first published by
Microscopy and Analysis in March 1994, issue no. 40, pp. 19-21, Fig. 4 on page 21
(UK edition) and issue no. 28, pp. 21-23, Fig. 4 on page 23 (European edition), repro-
duced with permission from the Editor.

Stored buried, outdoors for 1 year. a) View under a low-power stereobinocular micro-
scope. b) Suspected RBC “clump” aggregate as seen under an SEM. This electron mi-
crograph is a broader view with respect to that first exhibited as Fig. 8 on page 101 in
Hortola 2001 [10]; published in Environmental Archaeology, vol. no. 6, pp. 99-104.
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may be concluded from these results that, at least in a Mediterranean cli-
mate, neither fluctuating temperatures nor relative humidities affect gen-
eral preservation of RBC’s.

CONCLUSION

Cytomorphological studies of RBC’s in bloodstains have implications in
fields such as forensic biology and prehistoric archaeology. In forensic biol-
ogy, the presence of RBC’s in a smear is considered to be confirmation of the
presence of blood [7]. In turn, in prehistoric archaeology, the presence of
blood on an artefact provides the possibility of recovering ancient DNA [18].
Despite these facts, interest in bloodstain analysis has largely been focused
on the molecular level, even in the case of prehistoric research [14, 19, 22].
Meanwhile, knowledge of the morphological characteristics of bloodstain-
origin RBC has not been taken into account. However, haemotaphonomy —
with its SEM analysis of taphoerythrocytes — constitutes a new field that al-
lows us to uncover cytomorphologic secrets hidden in bloodstains from the
past to the present.
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,DZIWNY” SWIAT ELEMENTOW KOMORKOWYCH PLAM
KRWAWYCH. WPROWADZENIE DO HEMOTAFONOMII

Policarp HORTOLA

WSTEP

Krew kregowcow, a wiec krew sensu stricto, jest zawiesing komorek (erytrocytow
zwanych czerwonymi krwinkami, leukocytéw, zwanych biatymi krwinkami i trom-
bocytéw, zwanych ptytkami krwi) w plynnym medium (osoczu). W przeciwienstwie
do innych kregowcow, ssaki posiadaja bezjadrzaste erytrocyty [15]. W zwigzku z bra-
kiem jadra komoérkowego, typowe czerwone krwinki (ang. RBCs) ssakéw posiadaja
ksztatt dwuwklestych dyskow (normocyty). Wyjatek stanowig zwierzeta z rodziny
Camelidae, w przypadku ktérych czerwone krwinki maja ksztalt owalny (owalocyty)
[1]. Inne ksztalty fizjologiczne, ktore sa rzadkie lub patologiczne, posiadaja: echinocy-
ty, lakrymocyty, schizocyty, akantocyty, drepanocyty i wiele innych [2, 3, 4, 5, 15, 20].

7 drugiej strony, obecno$¢ réznych pozostaloSci na przedmiotach zgadza sie
z powszechnie znang w kryminalistyce zasada wymiany Locarda (ang. Locards’s
principle of exchange), ktéra mowi, iz ,kazdy kontakt pozostawia $lady”. Idac tym
tropem, wystepowanie utrwalonych pod wzgledem morfologii bezjadrzastych czer-
wonych krwinek ssakéow w plamach krwi wykazano nawet na narzedziach z okresu
paleolitycznego, ktérych wiek oszacowano na 2 miliony lat [17].

HEMOTAFONOMIA: NOWE PODEJSCIE DO ANALIZY PLAM KRWI

Pojecie hemotafonomii zostalo zaproponowane w odniesieniu do ,badania plam
krwawych, a w szczeg6lnosci zmian w wygladzie i rozmiarach ich elementéw komor-
kowych, jak rowniez takich wtasciwosci, jak potozenie komérek 1 ich wyglad, w za-
leznoéci od powierzchniowej topografii i sktadu podtoza” [8]. Autor cytowanej pracy
opracowal nowe podejécie badania plam krwawych poprzez analize ksztaltéw erytro-
cytow z zastosowaniem skaningowej mikroskopii elektronowej (SEM) [8, 9, 10, 11,
12, 13].

Podejscie to bylo gtéwnie stosowane do materialu pochodzacego z czaséw prehis-
torycznych. Jako docelowa jednostke taksonomiczna do prowadzonych badan wybra-
no ssaki, co spowodowane byto faktem, iz ta wladnie grupa zwierzat stanowita,
zgodnie z danymi naukowymi, gléwne zZrédto biomasy zwierzecej dla prehistoryczne-
go cztowieka [6, 16, 21]. Probki badawcze pokrywano pojedyncza warstwa zlota.
Wyjatek stanowily najstarsze probki, ktére, w celu podniesienia rozdzielczosci, po-
krywano warstwa wegla oraz zlota [13]. Tak przygotowane prébki analizowano przy
pomocy skaningowego mikroskopu elektronowego, stosujac drugi strumien elek-
tronéw przy napieciu przyspieszajacym 15 kV. W przypadku cienkich rozmazéw,
w celu obnizenia pola elektrostatycznego, stosowano nizsze napiecie — 10 kV [12].
Poszczegdlne wyniki prowadzonych eksperymentéw doprowadzily do powstania za-
sadniczej terminologii 1 systematyki erytrocytéow ssakéw pochodzacych z rozmazow
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(rycina 1). Mimo, ze stworzona systematyka odnosi sie zasadniczo do ssakéw, to nie
nalezy wykluczac jej uzyteczno$ci rowniez dla innych grup taksonomicznych zwie-
rzat kregowych [13].

Wiekszoéé ksztaltow krwinek czerwonych, ktére zaobserwowano w rozmazach,
jest zgodna pod wzgledem morfologii z tymi, ktére opisuje hematologia. Jednak gene-
za dwéch rodzajéw ksztattow erytrocytow, ktére —jak stwierdzono — nie sa zalezne od
czasu naniesienia krwi, jest przypisywana zjawisku wysychania plamy krwi. Morfo-
logie rozwazane jako charakterystyczne dla erytrocytow ssakow obecnych w pla-
mach krwi, to: hekatocyty (ksztaltami przypominajace ksiezyc) — rycina 2, ktére
prawdopodobnie powstaja na skutek oddzialywania erytrocytéw z osoczem podczas
suszenia (pekanie) oraz janocyty (negatywne repliki) — rycina 3, ktérych powsta-
wanie prawdopodobnie zwigzane jest z wysuszona macierza osocza (pietnowanie).
Morfologia krwinek w podejrzanych agregatach —, kepkach” — moze by¢ z tatwoscia
analizowana z zastosowaniem skaningowej mikroskopii elektronowej (rycina 4).

W zwiazku z rola, jaka odgrywa suszenie w powstawaniu hekatocytéw oraz jano-
cytéw, oczywiste jest, iz formy te nie moga by¢ znalezione w warunkach fizjologicz-
nych. Podobnie, w zwiazku z pochodzeniem tych dwéch ksztattéw charaktery-
zujacych rozmazy, a wynikajacym z pekania i piethowania komérek w schnacym
osoczu, nie nalezy oczekiwacd, ze obecno$é¢ jadra komoérkowego u kregowcéw nie
nalezacych do ssakéw bedzie wywolywacé zmiany w tych ksztattach wzgledem syste-
matyki stworzonej dla erytrocytéw ssakow.

Gléwnymi czynnikami, ktére niejako a priori wydaja sie wplywaé na morfolo-
giczna integralno$é czerwonych krwinek w plamach krwi, sg: czas oraz zmienne kli-
matyczne. Wyniki prezentowanych tutaj badan hemotafonomicznych §wiadcza jed-
nak o tym, ze czas starzenia sie rozmazow, wynoszacy co najmniej 10 lat, nie wptywa
negatywnie na ogélne utrwalenie erytrocytow. Pod tym wzgledem wysoki stopien za-
chowania erytrocytéw w badanych plamach pokazuje, ze wysuszona krew jest homo-
logiczna lub analogiczna do krwi zmumifikowanej. Uzyskane wyniki badan wska-
zuja, ze co najmniej w przypadku klimatu érédziemnomorskiego ani zmieniajace sie
temperatury, ani relatywnie wysoka wilgotno§¢, nie wpltywaja negatywnie na ogélne
utrwalenie czerwonych krwinek.

PODSUMOWANIE

Cytomorfologiczne badania czerwonych krwinek w plamach krwi stanowia za-
gadnienie mieszczace sie¢ w obrebie zainteresowania biologii sadowej oraz arche-
ologii. W przypadku biologii sadowej, wykazanie obecnoéci czerwonych krwinek
w $ladzie uwazane jest za potwierdzenie obecnosci krwi [7]. Z kolei w archeologii
obecno$§é krwi na przedmiotach stworzonych przez czlowieka otwiera mozliwoéé
analizy DNA pochodzacego z czaséw starozytnych [18]. Pomimo tego, plamy krwawe
budza najwieksze zainteresowanie w aspekcie analizy molekularnej, nawet jesli
chodzi o badania prehistoryczne [14, 19, 22]. Natomiast wiedza dotyczaca charakte-
rystyki morfologicznej erytrocytow pochodzacych z plam krwawych nie byta brana
pod uwage. Tymczasem hemotafonomia umozliwiajaca analize ksztattow erytro-
cytow poprzez zastosowanie skaningowej mikroskopii elektronowej otwiera nowe
mozliwo$ci badania sekretéw cytomorfologicznych ukrytych zaréwno w dawnych,
jak 1 wspétezesnych plamach krwawych.



