
1

Vol.:(0123456789)

Scientific Reports |        (2024) 14:20152  | https://doi.org/10.1038/s41598-024-70956-9

www.nature.com/scientificreports

Clinical and hematological 
findings in alpacas (Vicugna pacos) 
with and without Candidatus 
Mycoplasma haemolamae infection
Matthias Gerhard Wagener  *, Saskia Neubert  , Frederik Kiene  ,  
Johannes Buchallik‑Schregel  , Thies J. Nicolaisen  , Benjamin U. Bauer  , 
Alexandra von Altrock  , Thekla Großmann , Antje Polifka  & Martin Ganter 

Anemia is a common problem in South American camelids (SACs). Infections with Candidatus 
Mycoplasma haemolamae (CMh), a cell-wall free, hemotropic bacterium, are often suspected to be 
an important cause of anemia, as the pathogen infects the erythrocytes and is found in the blood of 
up to 30% of SACs. The information on the clinical signs of animals infected with this pathogen vary 
widely. Most infections are clinically inapparent. Treatment is usually carried out with oxytetracycline. 
A detailed overview of the clinical and hematological findings in 13 alpacas infected with Candidatus 
M. haemolamae (CMh+), based on patients from our university clinic and comparing those findings 
with the results of 22 negative alpacas (CMh−) is provided. Assignment to both groups was based on 
the PCR result. No relevant clinical or hematological differences between CMh+ and CMh− were found, 
the clinical signs in CMh+ were usually due to comorbidities. The examination of a blood smear alone 
proved to be insufficient; a PCR test should be carried out to confirm or rule out an infection. A critical 
review of the need for antibiotic treatment on the basis of a positive test result alone is recommended.
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Abbreviations
BCS	� Body condition score
CMh	� Candidatus Mycoplasma haemolamae
CMh+	� Candidatus Mycoplasma haemolamae positive animals
CMh−	� Candidatus Mycoplasma haemolamae negative animals
GIN	� Gastrointestinal nematodes
Hb	� Hemoglobin
LMR	� Lymphocyte-to-monocyte ratio
Max	� Maximum
MCHC	� Mean corpuscular hemoglobin concentration
Med	� Median
Min	� Minimum
NLR	� Neutrophil-to-lymphocyte ratio
PCR	� Polymerase chain reaction
PCV	� Packed cell volume
SAC	� South American camelid
RBC	� Red blood count
WBC	� White blood count

South American camelids (SACs: alpacas and llamas), originally native to the Andes, have become an established 
livestock in Europe1. This has resulted in an increasing number of alpacas being presented for veterinary care 
in central Europe2. Common health problems in alpacas include gastrointestinal disorders, with endopara-
sites playing a major role; skin problems, often due to mange; colic, which can be caused by ulceration of the 
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compartments; or tooth root abscesses3. Many of the alpacas presented to the veterinary clinic reveal anemia, 
which can develop into a life-threatening condition for the animal4,5. Severe anemia in SACs is often caused 
by Haemonchus contortus, which can lead to massive blood loss6. Another pathogen associated with anemia 
in alpacas and llamas is Candidatus Mycoplasma haemolamae (CMh)3,7. Formerly known as Eperythrozoon, 
the pathogen is a wall-less, hemotropic bacterium that is regularly detected in the blood of alpacas or llamas8. 
Transmission of hemotropic mycoplasma can usually occur through any transfer of infected red blood cells from 
one animal to another, for example, during vaccination or shearing7. There are hints for vertical transmission of 
CMh9,10, but it remains unknown whether the pathogen is transmitted in utero or during parturition9. However, 
transmission via colostrum seems to be unlikely11.

An early description of the pathogen was made by McLauglin et al. in 1990 after identification of hemotropic 
bacteria in blood smears of llamas12. With the possibility of detection by polymerase chain reaction (PCR)13, data 
on the epidemiology of the pathogen from different countries have been published. In llamas and alpacas from 
Peru, the prevalence was 15.8% and 19.3%, respectively, whereas alpacas from Chile had a lower prevalence of 
9.3%14. Studies in South American camelids that are kept in Europe showed similar prevalences; PCR testing 
of 225 alpacas and llamas from Germany and Switzerland revealed that 18.7% of the samples were positive for 
CMh15. Another study from Switzerland showed a prevalence of 18.6%, with 39.1% of the farms tested having 
positive animals16. In SACs from Austria a significant difference in the prevalence of llamas (17.6%) and alpacas 
(31.7%) was found by Franz et al.17. Crosse and others reported a prevalence of 29.0% in an alpaca herd of 131 
animals in the UK18. However, a study of alpacas in New Zealand reported a significantly lower prevalence, 
with only two of 206 alpacas tested revealing a positive PCR result (0.97%)19. More recent first descriptions of 
CMh in SACs from Italy with 14 positive of 20 animals (66.7%)20 or Finland (35.3% positive animals)21 were 
published in 2022.

Most infections with CMh have been described to be clinically inapparent3,14,22, but also severe courses have 
been documented so far12,23,24. Clinical symptoms usually occur in association with stressors such as other 
underlying diseases, or shipping18,25.

Clinical findings observed in South American camelids associated with CMh infections seem to be non-
specific. Among others, lethargy, tachycardia, tachypnoea, acidosis, azotemia, poor body condition due to chronic 
weight loss, pale mucous membranes, and also death have been described so far10,12,18,25. The infection has also 
been associated with abortions, spiral colon impaction, or severe pulmonary edema26–28. Icterus, as described 
in infections with hemotropic mycoplasmas of other species, is not usually observed in CMh infections7,12. 
Antibiotic treatment with oxytetracycline is generally used as therapy; however, not every infection with CMh 
is cleared consistently18,25.

Pathological findings associated with an infection with CMh were mycotic abomasitis, encephalomyelitis, 
fibrinous polyserositis, hemorrhagic enteritis, septicemia, polyserositis, interstitial pneumonia, splenic hyper-
plasia, or hydrothorax12,29. Nonetheless, CMh does not appear to play a major role in the total number of South 
American camelids that underwent necropsy. In the retrospective evaluation of 6757 laboratory submissions 
of South American camelids from England and Wales, the pathogen was only detected six times30. However, 
it can be assumed that not every submission was tested for the pathogen in that study30. In other retrospective 
evaluations of pathological data from South American camelids, CMh is also mentioned only occasionally or 
not at all31,32.

Nevertheless, there are only few combined clinical and laboratory diagnostic data from clinically abnormal 
animals available in which infection with CMh has been detected.

The aim of this study was to provide an overview of the clinical and hematological findings of hospitalized 
alpacas with CMh infection that was confirmed by PCR. Moreover, the findings from these animals with a 
group of alpacas that revealed a negative PCR result to identify existing differences of infected and non-infected 
animals were compared.

Materials and methods
Data collection
For the retrospective data analysis, medical records from the Clinic for Swine, Small Ruminants, Forensic Medi-
cine and Ambulatory Service of the University of Veterinary Medicine Hannover, Foundation, Hannover, Ger-
many were screened for SACs that had undergone PCR testing for CMh in the period January 2021 to January 
2024. This was performed by real-time-PCR from EDTA-blood, which was sent to external diagnostic laboratories 
(SYNLAB.vet GmbH, Augsburg, Germany or LABOKLIN, Bad Kissingen, Germany). Both laboratories were 
accredited in accordance with DIN EN ISO 17025:2018.

In addition, complete information on sex (female, male, male-neutered) and age (in days as difference 
between date of birth and date of sampling) of the animal, length of hospital stay (in days) as well as outcome 
(released, deceased, euthanized) from each animal was recorded. If euthanasia was performed, it was carried out 
by intravenous administration (V. jugularis) of pentobarbital (83–122 mg/kg bodyweight Euthadorm® 500 mg/
mL CP-Pharma Handelsgesellschaft mbH, Burgdorf, Germany). Further inclusion criteria was a hematological 
examination from an EDTA-blood sample taken from a jugular vein of the animal (EDTA Monovette 9 mL K3E, 
Sarstedt AG & Co. KG, Nümbrecht, Germany)33. This included the following parameters: white blood cell (WBC) 
count [×109/L], which was determined microscopically in a Neubauer counting chamber after 5 min lysis of 100 
µL EDTA blood in 900 µL 3% acetic acid solution33; packed cell volume (PCV) [L/L], which was determined 
after centrifugation of EDTA-blood in a microhematocrit tube for 10 min at 10,000×g33; hemoglobin (Hb) [g/L], 
which was determined photometrically using a cyan solution; mean cellular hemoglobin concentration (MCHC) 
[g/L]33, which was calculated according to the following formula: MCHC [g/L] = Hb [g/L]/PCV [L/L]; as well 
as microscopical differentiation of WBC in a blood smear stained according to Pappenheim34 at 1000 times 
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magnification (lymphocytes, segmented neutrophils, band neutrophils, eosinophils, basophils, metamyelocytes, 
myelocytes, monocytes each [%] and then calculated with the WBC in [×109/L])33. Normoblasts (nucleated red 
blood cells) were additionally recorded [1/100 WBC]. Reticulocytes were not routinely examined, so data were 
not available for all hematological findings. Reticulocyte counts were determined microscopically by counting 
the proportion of reticulocytes per 1000 erythrocytes (RBC) in blood smears stained with brilliant cresyl blue 
[1/1000 RBC] at 1000 times magnification33.

The exact methods for hematological examination have been described previously4,33. Interpreting the hema-
tological results was performed according to the reference intervals for alpacas from Dawson et al.35. According to 
Dawson et al. a PCV below 0.22 L/L was used as the definition for anemia. Further classification of the severity of 
anemia was made according to Franz and Wittek36. The erythrocytes in the monolayer of the blood smears were 
checked microscopically for anisocytosis, poikilocytosis and polychromasia at 1000 times magnification. The 
extent of the changes were scored from 0 to 4 (0: the change does not appear microscopically in any field of view; 
1: the change appears only occasionally not in every field of view; 2: the change appears in one to three RBC in 
every field of view; 3: the change appears in more than three RBC in every field of view; 4: the change appears in 
more than 50% of RBC). In addition, the presence of basophilic dots (as a hint for mycoplasmas), Howell-Jolly 
bodies, and Cabot rings were noted [yes/no]. Abnormal erythrocyte shapes were recorded as additional text.

Clinical parameters (body weight [kg]; rectal temperature [°C]; respiratory rate [1/min]; heart rate [1/min]; 
Body Condition Score (BCS) and FAMACHA©-score) were assessed as part of the routine protocol of the clinic 
and interpreted according to Whitehead3 and Wagener and others37,38. Fecal samples were analyzed according 
to the routine protocol of the clinic39. This method was adapted to the extent that a minimum of 10 g of feces 
was measured accurately and used to calculate the number of eggs shed per gram of feces. In contrast to the 
McMaster technique, this process combines the Baermann-Wetzel larval migration method with two combined 
sedimentation-flotation approaches. After sedimentation with distilled water, in the first approach saturated 
saline solution is applied, mainly for the detection of strongly type eggs; in the second approach sodium silicate 
solution is used, mainly for the detection of liver fluke eggs. The results were interpreted according to Neubert 
et al. making a subdivision into low-grade, medium-grade, or high-grade for the severity of the infestation with 
gastrointestinal nematodes40. Furthermore, the final diagnoses of the animals with some animals having multiple 
diagnoses were also included in the evaluation.

As only data from three llamas were available, further evaluation focused on alpacas alone. These were divided 
into two groups:

1.	 Alpacas with negative PCR-test for Candidatus M. haemolamae (CMh−) (n = 22)
2.	 Alpacas with positive PCR-test for Candidatus M. haemolamae (CMh+) (n = 13).

Statistical analysis
Statistical analysis was performed with Excel (Microsoft Excel for Office 365) and SAS (SAS Enterprise Guide 7.1). 
Descriptive statistics included means, standard deviation (SD), median, minimum, and maximum. Numeric data 
were checked for normal distribution using the Shapiro–Wilk test. Groups with normally distributed data were 
compared using the t-test, and groups with non-normally distributed data were compared using the Mann–Whit-
ney U test. The two-sided Fisher exact test was used to test categorical data for clustering of clinical or laboratory 
diagnostic findings in each group (CMh−; CMh+). A p < 0.05 was assumed to be significant in each case.

Ethics statement
The study was approved by the Research Ethics Committee of the University of Veterinary Medicine Hannover, 
Germany under the Approval-code TiHo-REC_14_04-24, as it is compatible with the animal welfare guidelines 
of the University of Veterinary Medicine Hannover and with European and German animal welfare laws. Only 
retrospective data from animal samples taken for clinical- therapeutic reasons from patients of the Clinic for 
Swine, Small Ruminants, Forensic Medicine and Ambulatory Service of the University of Veterinary Medicine 
Hannover were used.

Results
The relevant results are summarized in the following text. A detailed overview of the individual results in the 
form of descriptive statistics and pairwise comparisons can be found in Table 1. Contingency tables and Fisher’s 
exact test are presented in Tables 2 and 3.

Demographic data
A total of 35 alpacas from 23 different farms were tested for CMh by PCR. Of these, 13 (37.1%) from 11 different 
farms were positive (CMh+). The CMh+ group consisted of five females and eight males (six intact, two neutered). 
The CMh− animals included six females and 15 males (11 intact, four neutered). Within the CMh+ group there 
was one male cria (< 1 year) and within the CMh− group there were three male crias. The age of the animals 
ranged from 43 to 4056 days (CMh+) and 206 to 5013 days (CMh−). Bodyweight ranged from 12.4 to 77.5 kg 
(CMh+) and 10.4 to 102.0 kg (CMh−) (Table 1).

Clinical examination
Clinical examination revealed both hypothermia and hyperthermia in the groups. Hypothermia was detected 
at a higher percentage in CMh− animals, but there were no significant differences concerning rectal tempera-
ture. Tachypnoea was recorded frequently in both groups, bradypnoea in only one CMh− animal. Tachycardia 
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and bradycardia occurred in both groups without any statistical difference (Table 2). A BCS that was too low 
(BCS < 2.5) was recorded more frequently in CMh− animals (p < 0.01). Only two CMh− animals had a BCS that 
was too high (BCS > 3), whereas the majority of CMh+ animals revealed a moderate body condition. The median 
of the BCS in CMh+ animals was higher (2.75) than in the CMh− animals (1.5), which was statistically different 
(p = 0.01) when comparing both groups. A physiological FAMACHA©-score (1 or 2) was observed in most of 
the animals, a fatal score of 541 was present in only one CMh+ animal and three of four CMh− animals; however, 
this difference was not significant.

Fecal examination
Most of the animals in both groups were infested with gastrointestinal nematodes. Endoparasite burden of the 
animals had different degrees (CMh+ : six animals low-degree, one animal medium-degree, and one animal 
high-degree; CMh−: eight animals low-degree, one animal medium-degree, four animals high-degree, three 
animals severe). Eimeria macusaniensis was not present in the fecal samples of any CMh+ animal, but in two of 
the CMh− animals. There was no statistical difference concerning the fecal examination.

WBC count
The WBC count revealed leukopenia and leukocytosis in both groups, Lymphopenia and lymphocytosis also 
occurred sporadically in both groups. Neutropenia was seen less commonly than neutrophilia; however, this 
was not significant. Band neutrophils were detected in the blood smear of almost all animals. Other premature 
stages of neutrophils (metamyelocytes and myelocytes) were also seen in single cases in both groups. In neither 
group was there any animal with eosinophilia or basophilia. Nonetheless, there were some animals in which no 
eosinophils or basophils could be detected in the blood smear. Monocytosis was only detected in two CMh− ani-
mals. The neutrophil-to-lymphocyte ratio (NLR) was increased in a lot of animals in both groups (reference 
interval alpacas: 0.5–2.942). To date, there are no published reference values for the lymphocyte-to-monocyte 
ratio (LMR) in alpacas. Nonetheless it was noticeable that the CMh+ animals had a wider range (2.29–79) than 
the CMh− animals (1.43–31). None of the parameters of the WBC showed a statistical difference between 
CMh+ and CMh− animals.

RBC count
Eighteen of the animals revealed anemia (PCV < 0.22 L/L35), which was present in more than half of the 
CMh− animals and in about 30% of the CMh+ animals. Two of the CMh+ animals had a fatal PCV of 0.05 L/L 
each, five of the CMh− animals had a fatal PCV of 0.04 L/L to 0.07 L/L. However, three of four animals with a 
BCS of 1 also had a high gastrointestinal nematode burden. Hemoglobin showed similar trends in both groups; 
the mean corpuscular hemoglobin concentration (MCHC) was decreased in about 40% of the animals in both 
groups. One CMh− revealed an increased MCHC.

All animals in both groups revealed anisocytosis in the blood smear. Polychromasia was observed in more 
than half of the animals in each group. Poikilocytosis was seen more frequently in the blood smears of CMh− ani-
mals than in blood smears of CMh+ animals (p < 0.05). The most common alterations in erythrocyte morphology 
in these cases were dacrocytes and spindloid cells. The animals with the higher grades in alterations of the RBC 
had a PCV of < 0.1 L/L. Detailed information on the findings of the red blood cell morphology in both groups 
is displayed in Table 4.

Basophilic dots (Fig. 1) in erythrocytes were detected in four blood smears of both CMh+ and CMh− animals. 
Howell-Jolly bodies were only seen in two blood smears of CMh− animals. Cabot rings were detected in one 
CMh+ and five CMh− animals.

Normoblasts were frequently present in blood smears of both groups. In almost all of the cases where nor-
moblasts were detected the reference limit was exceeded.

Reticulocytes were determined in only a few animals. There were data for only three CMh+ animals available 
(0%, 0.2%, and 9.8% of the RBC, respectively). In the CMh− group, reticulocytes were detected in all 13 animals 
that underwent investigation for reticulocytes. In six of these animals the reticulocytes made up more than 10% 
of the erythrocytes. However, apart from the finding of poikilocytosis, no parameter of the red blood count was 
statistically different between the groups.

Clinical diagnoses
Candidatus Mycoplasma haemolamae positive animals (CMh+)
Other diagnoses than infection with Candidatus M. haemolamae included hemonchosis in two animals, chorio-
ptic mange in two animals as well as pneumonia, endometritis, colic, and lameness of an unknown cause in one 
animal each. In five animals, the main diagnosis was limited to infection with CMh. Three of these animals had 
been previously clinically unremarkable and presented as companion animals for another hospitalized animal 
from the same flock. One animal had been previously found to be weak by the owners. However, no detailed 
clinical examination was carried out on this animal, as only ambulatory blood samples were taken at the clinic 
and the animal was then returned home. The blood count of this animal did not show any deviation from the 
reference limits except for the presence of 0.55 G/L band neutrophils. In another animal (neutered male adult), 
a tremor was observed by the owners. Nevertheless, this was not observed during hospitalization of this animal. 
Apart from tachypnoea (48/min), no abnormalities were found on clinical examination. Laboratory diagnostics 
of this animal revealed increased band neutrophils (4.9 G/L) and an increased NLR (6.87). The animal was 
released from hospital after 5 days.



5

Vol.:(0123456789)

Scientific Reports |        (2024) 14:20152  | https://doi.org/10.1038/s41598-024-70956-9

www.nature.com/scientificreports/

Candidatus Mycoplasma haemolamae negative animals (CMh−)
The most common diagnosis in negative animals was haemonchosis (eight animals). However, the cause of 
anemia could not be clearly identified in all cases, as some of the pre-treatments included deworming before 
presentation at the clinic. Other diagnoses were copper deficiency; selenium deficiency; infection with E. macu-
saniensis; dental problems; colic (in two animals each); pneumonia; otitis media due to sarcoptic mange; patellar 
luxation; and other lameness (in one animal each). One animal was a companion animal, where also gastroin-
testinal nematodes but no anemia was detected.

Outcome
The majority of the animals were released from the clinic (12/13 CMh+ and 17/22 CMh−). One CMh+ animal 
that revealed haemonchosis was euthanized due to the condition worsening after severe anemia (PCV: 0.05 
L/L). Among the CMh− animals, two were euthanized, one animal due to worsening of its condition after severe 
anaemia (PCV: 0.05 L/L) and one animal due to patellar luxation. Three CMh− animals died due to pneumonia, 
cachexia, or anaemia of unknown cause. The hospitalization stay ranged from 1 to 25 days (CMh+) and from 2 
to 35 days (CMh−) with means of 14.7 ± 9.5 days (mean ± SD; CMh+) and 13.5 ± 7.1 days (mean ± SD; CMh−).

Repeated test for Candidatus Mycoplasma haemolamae
Repeated PCR testing for CMh during hospitalization was performed in only one animal. The two-year-old male 
alpaca was presented due to lameness. The blood smear showed basophilic dots in approximately 80% of the 
erythrocytes (Fig. 1a) and the PCR test identified CMh. The animal was treated systemically with oxytetracy-
cline subcutaneously (20 mg/kg bodyweight Tetroxy® Vet 200 mg/mL; Dechra Veterinary Products Deutschland 
GmbH, Aulendorf, Germany) from the following day onwards. After five consecutive days of treatment another 
blood sample was taken. This sample revealed no microscopic evidence of mycoplasmas in the blood smear 
(Fig. 1b), but was still positive in the PCR. Apart from tachypnoea and lameness, the cause of which could 
not be determined, there were no clinical abnormalities in that animal, and it was released after nine days of 
hospitalization.

Discussion
Thirteen of the 35 animals examined (37.1%) were found to be infected with CMh. This detection rate is similar 
to the prevalences in Austria or England described previously17,18. Differences concerning sex or age were not 
found in the present study, which goes in hand with the findings of Kaufmann et al.15. However, Crosse et al. 
reported more infected young than old alpacas18. The clinical and hematological findings of the CMh+ and 
CMh− groups did not differ for most parameters. Whereas most of the animals in this study were emaciated and 
revealed a BCS < 2.5, CMh− animals had a statistically lower BCS than CMh+ animals. Decreased body condition 

Fig. 1.   (A) Blood smear from a male adult alpaca with Candidatus Mycoplasma haemolamae. The hemotropic 
bacteria appear as basophilic dots (arrows). The infection was confirmed by PCR. There is mildanisocytosis. (B) 
Blood smear from the same animal after five days treatment with oxytetracycline. No pathogens are visible in 
the blood smear, but this blood sample still revealed a positive result for CMh in the PCR.
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in connection with CMh has been reported before18,25. The higher BCS in the CMh+ animals might be explained 
by the fact that the CMh infection was also an incidental finding in clinically unremarkable companion animals 
that were not presented due to another underlying disease. The even worse BCS in the negative animals could 
be attributed to the high proportion of animals infected with gastrointestinal nematodes in this group. None-
theless, a poor nutritional status is a common observation in animals presented to the clinic4. On the one hand, 
emaciation could be due to the chronicity of underlying diseases; on the other hand, emaciated animals could 
also be more susceptible to diseases43. When interpreting the high number of animals with tachypnoea in both 
groups, stress was also taken into account, as the animals were transported to the clinic before the examination.

Fever, as observed in hemotropic mycoplasmas of other species7, was only observed in two of the positive 
animals, one additionally revealed pneumonia, the other revealed no further diagnosis other than CMh. Some 
of the CMh+ animals revealed no deviations in clinical parameters, which can also be found in the present 
literature9,44. Deviations in the clinical parameters that were recorded can be attributed to the diseases diagnosed 
in addition to the infection with CMh. As described by other authors3,14,22, no pathognomonic clinical signs of 
CMh infection could be identified in our study. Crosse et al. supposed that only stress or another underlying 
condition could lead to clinically apparent infections18. Nonetheless, it should be borne in mind that stress and 
other underlying conditions can also lead to severe clinical signs.

About half of the alpacas investigated in this study (18/35) revealed anemia. However, it should be considered 
that a selection of the animals had already taken place in advance and PCR testing for CMh was only performed 
on suspicion of infection for this pathogen like the presence of other positive animals in the flock or an anemic 
condition of the animal. It is therefore not surprising that many of the animals were anemic; nevertheless, ane-
mia is a common problem in SACs presented to the veterinary clinic4. Anemia in SACs is often caused by H. 
contortus6,45, which was the most common diagnosis (10/35) besides an infection with CMh in our study. The 
10 animals with haemonchosis had the lowest PCV with a range from 0.05–0.15 L/L, which can be classified as 
severe anemia45. As differentiation of H. contortus according to Colditz et al.46 was only performed in the feces of 

Table 1.   Descriptive statistics on clinical and laboratory diagnostic data of hospitalized animals with 
negative (CMh−) and positive (CMh+) detection of Candidatus Mycoplasma haemolamae. References 
according to a) Whitehead3; b) Wagener et al.55; c) Lopez56; d) Dawson et al.35; e) Fowler and Zinkl57; f) 
Hajduk42. Med: Median; Min: Minimum; Max: Maximum; BCS: Body condition score; GIN: Gastrointestinal 
nematodes; WBC: White blood count; PCV: packed cell volume; Hb: Hemoglobin; MCHC: Mean corpuscular 
haemoglobin concentration; NLR: Neutrophil-to-lymphocyte ratio; LMR: Lymphocyte-to-monocyte ratio. The 
p value indicates the results of the t-test or the Mann–Whitney U test.

Parameter Unit Reference

CMh− (negative) CMh+ (positive)

p valuen Mean ± SD Med Min–Max n Mean ± SD Med Min–Max

Age days 22 1917.9 ± 1504.6 1515 206–5013 13 1611.2 ± 1185.6 1655 43–4056 0.7457

Hospitalization days 19 14.7 ± 9.5 13 2–35 9 13.5 ± 7.1 15 1–25 0.7098

Body weight kg 22 46.8 ± 20.0 48.3 10.4–102 12 51.2 ± 17.3 52 12.4–77.5 0.5249

Rectal temperature °C 38.0–38.9 a) 22 37.9 ± 1.1 38.2 35.0–39.6 12 38.5 ± 0.7 38.5 37.4–39.9 0.1431

Breathing rate 1/min Adults: 15–30; Crias: 20–30 a) 22 32.5 ± 10.2 34 16–48 10 33.7 ± 11.3 36 16–48 0.7765

Heart rate 1/min Adults: 60–80; Crias: 70–100 a) 21 89.0 ± 28.2 80 52–140 10 83.4 ± 33.3 73 54–148 0.7032

BCS 2,5–3,5 b) 22 1.93 ± 0.88 1.5 1–4 12 2.63 ± 0.68 2.75 1.5–3.5 0.0145

FAMACHA©-Score  ≤ 2 c) 21 2.52 ± 1.72 2 1–5 9 1.55 ± 1.33 1 1–5 0.1378

GIN 1/g 22 184.9 ± 350.0 24.5 0–1239 13 28.7 ± 63.3 3 0–224 0.1185

WBC ×109/L 7.1–18.6 d) 22 15.2 ± 10.4 10.2 4.3–35.4 13 14.9 ± 6.7 14.4 6.3–27.6 0.5164

PCV L/L 0.22–0.45 d) 22 0.18 ± 0.09 0.19 0.04–0.33 13 0.21 ± 0.08 0.23 0.05–0.29 0.1989

Hb g/L 102–193 d) 22 73.2 ± 35.6 83 17–129 13 90.5 ± 34.3 101 17–128 0.1419

MCHC g/L 420–490 d) 22 421.0 ± 39.0 422.5 318–494 13 420.8 ± 30.0 425 340–457 0.9184

Normoblasts 1/100 WBC 0–3 d) 22 14.0 ± 30.3 0 0–128 13 3.8 ± 9.1 0 0–27 0.3756

Lymphocytes ×109/L 1.1–5.4 d) 22 2.36 ± 1.82 1.95 0.24–7.43 13 2.40 ± 1.8 1.94 0.62–6.12 0.9049

Segmented neutrophils ×109/L 3.5–11.7 d) 22 10.17 ± 7.48 6.38 0.39–23.90 13 10.06 ± 5.86 8.29 1.56–22.94 0.5277

Band neutrophils ×109/L 0 d) 22 0.83 ± 1.00 0.4 0–4.31 13 1.31 ± 1.69 0.72 0–4.97 0.6324

Metamyelocytes ×109/L 0 22 0.02 ± 0.05 0 0–0.16 13 0.04 ± 0.11 0 0–0.39 0.8664

Myelocytes ×109/L 0 22 0 ± 0 0 0–0 13 0.01 ± 0.03 0 0–0.11 0.2143

Eosinophils ×109/L 0.1–4.3 d) 22 0.80 ± 1.10 0.32 0–3.78 13 0.66 ± 1.13 0.22 0–3.89 0.7711

Basophils ×109/L 0–0.4 d) 22 0.11 ± 0.11 0.08 0–0.37 13 0.05 ± 0.09 0 0–0.27 0.0785

Monocytes ×109/L 0–1.0 d) 22 0.41 ± 0.40 0.26 0–1.59 13 0.35 ± 0.24 0.39 0.07–0.79 1

Reticulocytes % of RBC 0–2.4 e) 13 120.7 ± 190.8 89 3–715 3 33.3 ± 56.0 2 0–98 0.1054

NLR 0.5–2.9 f) 22 6.46 ± 5.83 3.87 0.46–23.13 13 7.21 ± 6.01 5.93 0.92–18.6 0.6946

LMR 21 8.93 ± 7.55 6.29 1.43–31 13 13.41 ± 24.72 6 2.29–79.00 0.9859

Anisocytosis 22 1.77 ± 0.87 1.5 1–3 13 1.38 ± 0.77 1 1–3 0.1607

Polychromasia 22 0.91 ± 1.02 1 0–3 13 1.00 ± 1.08 1 0–3 0.8261
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two animals, the diagnosis was made on the basis of a high FEC and anemia, which is a common practice in small 
ruminant and camelid medicine47–49. Two of the animals with a PCV of 0.05 L/L revealed both haemonchosis 
and a positive PCR result for CMh. Storey et al.48 reported a llama with a PCV of 0.05 L/L that had haemonchosis 
and was positive for CMh. The animal was found to be much more lethargic than three other llamas with a PCV 
of ≤ 0.1 L/L48. However, the impact of the mycoplasma-infection was not evaluated in that case. The influence 
of the mycoplasmas on the course of the disease in the case of haemonchosis was also difficult to assess in our 
study population, as only two animals were affected by both. Haemonchosis was assumed to be the relevant cause 
of disease in these cases, which is supported by the fact that two other animals in our study with haemonchosis 
without CMh did not survive.

Nonetheless, it cannot be ruled out that mycoplasma infection could be the sole cause of severe anemia. In 
an evaluation of blood transfusions administered to 22 alpacas with PCVs ranging from 0.05 to 0.19 L/L, Luethy 
et al. stated that three of the animals were transfused due to CMh infection23. Further information on these 
animals, such as possible comorbidities, are not reported in their paper.

Compared to the reference intervals35, it was striking that many of the investigated animals had anemia of 
either hypochromic or normochromic character. Most of these animals showed signs of regeneration like nor-
moblasts or polychromasia45. Hypochromasia is a typical finding for iron deficiency anemia50, which remains 
unclear in these animals, as plasma iron content was not measured. However, in ruminants, a slightly decreased 

Table 2.   Contingency tables containing negative or positive PCR results for Candidatus Mycoplasma 
haemolamae and age, sex, clinical findings, and outcome. The p value indicates the results of the Fisher exact 
test.

CMh− (negative) CMh+ (positive) sum p value

Demographic data

Age

Adult 19 12 31

1.000Cria 3 1 4

Sum 22 13 35

Sex

Female 7 5 12

0.7260Male 15 8 23

sum 22 13 35

Clinical findings

Hypothermia

Yes 9 2 11

0.2525No 13 10 23

Sum 22 12 34

Hyperthermia

Yes 1 2 3

0.2794No 21 10 31

Sum 22 12 34

Bradypnea

Yes 1 0 1

1.000No 21 10 31

Sum 22 10 32

Tachypnea

Yes 12 7 19

0.4673No 10 3 13

Sum 22 10 32

Bradycardia

Yes 4 2 6

1.000No 17 8 25

Sum 21 10 31

Tachycardia

Yes 10 2 12

0.2396No 11 8 19

Sum 21 10 31

Emaciation

Yes 17 3 20

0.0048No 5 9 14

Sum 22 12 34

Pale conjunctives

Yes 9 1 10

0.2035No 12 8 20

Sum 21 9 30

Outcome

Discharged

Yes 17 12 29

0.3771No 5 1 6

Sum 22 13 35
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CMh− (negative) CMh+ (positive) sum p value

Laboratory findings

Anemia (PCV decreased)

Yes 14 4 18

0.0858No 8 9 17

Sum 22 13 35

Hb decreased

Yes 16 7 23

0.2925No 6 6 12

Sum 22 13 35

MCHC decreased

Yes 10 5 15

0.7372No 12 8 20

Sum 22 13 35

Normoblasts

Yes 9 4 13

0.7212No 13 9 22

Sum 22 13 35

Poikilocytosis

Yes 16 4 20

0.0322No 6 9 15

Sum 22 13 35

Polychromasia

Yes 13 8 21

1.000No 9 5 14

Sum 22 13 35

Basophilic dots

Yes 4 4 8

0.4327No 18 9 27

sum 22 13 35

Howell-Jolly-bodies

Yes 2 0 2

0.5193No 20 13 33

Sum 22 13 35

Cabot rings

Yes 5 1 6

0.3771No 17 12 29

Sum 22 13 35

Leukopenia

Yes 4 2 6

1.000No 18 11 29

Sum 22 13 35

Leukocytosis

Yes 7 2 9

0.4311No 15 11 26

Sum 22 13 35

Lymphopenia

Yes 5 3 8

1.000No 17 10 27

Sum 22 13 35

Lymphocytosis

Yes 2 1 3

1.000No 20 12 32

Sum 22 13 35

Neutropenia

Yes 4 1 5

0.6300No 18 12 30

Sum 22 13 35

Neutrophilia

Yes 8 3 11

0.4776No 14 10 24

Sum 22 13 35

Eosinopenia

Yes 6 3 9

1.000No 16 10 26

Sum 22 13 35

Eosinophilia

Yes 0 0 0

No 22 13 35

Sum 22 13 35

Basophilia

Yes 0 0 0

No 22 13 35

Sum 22 13 35

Continued



9

Vol.:(0123456789)

Scientific Reports |        (2024) 14:20152  | https://doi.org/10.1038/s41598-024-70956-9

www.nature.com/scientificreports/

MCHC may indicate regeneration51. Nevertheless, it was not possible to evaluate the erythrocyte count and 
other erythrocyte indices (MCV and MCH) for these animals, as no manual erythrocyte count had taken place 
in routine laboratory diagnostics.

Viesselmann et al. also investigated PCV, RBC count, and Hb of 114 SACs, comparing the laboratory diag-
nostic findings of animals with (39/114) and without (75/114) CMh infection as well as with the FEC of the 
animals22. They could not find any significant differences in the hematological variables between CMh positive 
and negative animals, but they found a significant decrease in PCV, RBC count, and Hb in animals with high 
FEC. This goes in hand with the result of our animals, where almost all hematological parameters revealed no 
significant difference between CMh+ and CMh− animals. In general, anemia was associated with haemonchosis. 
Similar results were reported by Wagenfeld et al. who found no significant difference in hematocrit, Hb or RBC 
count when comparing laboratory data from 219 positive and 341 negative animals52.

With the exception of poikilocytosis, the other hematological parameters did not show any significant differ-
ences between CMh+ and CMh− animals. The degree of poikilocytosis was more frequent and more pronounced 
in CMh− animals, which could be explained by the fact that the highest degrees of poikilocytosis were observed 
in the severely anemic animals that revealed haemonchosis.

A particularly relevant finding was the occurrence of basophilic dots. These occurred in both CMh+ (4/13) 
and CMh− animals (4/22). There was no statistical difference in the occurrence of these dots between the two 
groups. This suggests, on the one hand, that light microscopy alone will not detect mycoplasma in every infected 
animal and, on the other hand, that there is a risk of false-positive results. Other authors also conclude that evalu-
ation of a blood smear is less sensitive than performing a PCR18,19. Crosse et al. observed a CMh−infected alpaca 
for several months, and while DNA of the pathogen could be detected by PCR over a longer period, not all blood 
smears showed evidence of the pathogen18. This is consistent with the findings presented here: no pathogen was 
detected in the blood smear at the follow-up examination after oxatetracycline treatment, but the PCR still gave a 
positive result. The microscopical investigation of a blood smear alone is not sufficient for a definitive diagnosis. 
Although it can provide hints, a definitive diagnosis should be made by PCR testing13,24.

Table 3.   Contingency tables containing negative or positive PCR results for Candidatus Mycoplasma 
haemolamae and laboratory findings. The p value indicates the results of the Fisher exact test.

CMh− (negative) CMh+ (positive) sum p value

Monocytosis

Yes 2 0 2

0.5193No 20 13 33

Sum 22 13 35

NLR increased

Yes 16 9 25

1.000No 6 4 10

Sum 22 13 35

NLR decreased

Yes 1 0 1

1.000No 21 13 34

Sum 22 13 35

Gastrointestinal nematodes

Yes 16 8 24

0.7077No 6 5 11

Sum 22 13 35

Eimeria macusaniensis

Yes 2 0 2

0.5193No 20 13 33

Sum 22 13 35

Table 4.   Overview of morphological findings in red blood cells in the blood smears of alpacas that were tested 
negative (CMh−) or positive (CMh+) for Candidatus Mycoplasma haemolamae.

CMh− (negative) CMh+ (positive)

Present

Grade

Present

Grade

0 1 2 3 4 0 1 2 3 4

Anisocytosis 22/22 0 11 5 6 0 13/13 0 10 1 2 0

Poikilocytosis 16/22 6 7 3 6 0 4/13 9 2 1 1 0

Polychromasia 13/22 9 9 1 3 0 8/13 5 5 1 2 0

Basophilic dots 4/22 4/13

Howell-Jolly bodies 2/22 0/13

Cabot rings 5/22 1/13
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Observed erythrocyte inclusion bodies should be differentiated carefully. In addition to bacteria, they could 
be basophilic stippling, which are aggregates of ribosomes or polyribosomes53, or Howell-Jolly bodies, which 
are nuclear remnants45. While the dark spots in the case of basophilic stippling and Howell-Jolly bodies are 
found only intracellularly, hemotropic mycoplasmas can appear in, on, and between erythrocytes7,12,54. The 
importance of using fresh blood smears for light microscopic diagnosis has been reported. Due to the fact that 
mycoplasmas may otherwise detach from the erythrocytes3,54, fresh staining solutions should be used if possible, 
to avoid precipitates. As the blood samples from the animals in our study were all examined in the clinic’s own 
laboratory, it can be assumed that examination of the samples was performed without unnecessary transport 
times and the trained laboratory personnel with special expertise in SAC hematology was able to distinguish 
different morphologies.  

As the animals presented to the clinic had often been ill for a long time, it was not known how long the CMh 
infections had been present at the time of presentation. This has to be considered a limitation of this retrospective 
study. It cannot be excluded that the animals had already passed through an acute phase associated with other 
clinical signs. The relatively small number of animals considered in this study represents a further limitation of 
the results.

Conclusion
No clinical or hematological relevant differences between CMh+ and CMh− alpacas were found in our study. 
The clinical symptoms in the animals presented were caused by various comorbidities. The extent to which CMh 
influenced the course of the disease cannot be assessed due to the small number of animals. Even if CMh infects 
the erythrocytes, the pathogen does not appear to be a significant cause of anemia. Haemonchus contortus is 
instead considered to be the main reason for anemia in South American camelids. Diagnosis of CMh based solely 
on microscopic examination of a blood smear does not appear to be sufficient. Instead, PCR should be used to 
confirm or rule out infection. Although our study cannot exclude that CMh might lead to relevant clinical disease, 
antibiotic treatment based only on a positive test result should be critically questioned in the light of our results.

Data availability
The original contributions presented in the study are included in the article. Further inquiries can be directed 
to the corresponding author/s.
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